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PREFACE. 



The object of this book is to provide, in moderate bulk, a collec- 
tion of Rules and Tables relating to those parts of mathematical 
and mechanical science whose application most frequently occurs 
in the useful arts, and especially in engineering and practical 
mechanic& The use of algebraical symbols is avoided, except in 
those cases in which the rules cannot be clearly expressed without 
them. 

The rules and tables of the First Part belong to Arithmetic 
and Mensuration. The tables of well-known quantities^ such as 
squares, cubes, and logarithms, have been drawn from the most 
trustworthy sources, and their accuracy independently tested 
throughout ; the circumferences and areas of circles may be relied 
on to the last figure. The table of trigonometrical functions con- 
sists of only a single page j but it is sufficient, nevertheless, for the 
solution of such problems in practical mechanics as involve the use 
of those functions; for purposes of Geodesy, the only proper trig* 
onometrical tables are such as fill a large part of a bulky volume.* 
The summary of the rules of trigonometry is complete. Great 
care has been bestowed on the arrangement and explanation of 
those important rules which relate to the measurement of the areas 
of surfaces, volumes of solid figures, and lengths of curves, and the 
finding of the centres of magnitude of all those classes of figures. 

The Second Part relates to the Measures, commonly so called, of 
different nations, and contains tables and rules relating not only 
to measures of angles, time, length, surface, volume, weight, and 
value, but to those of quantities more or less complex, such as 
speed, heaviness, pressure, work, power, moment, absolute force, 
aud heat. The values of the various units of measure mentioned 
are compared with the standards of the British legal system, and 
of the metrical system (whose use is now permitted in Britain) j 
and those standards are compared with each other according to the 
best authorities — ^vizi, the paper of Mr. Airy, Astronomer-B.oyal^ 
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on " Standards of Measure/' and that of Professor Miller on the 
'^ Standard Pound." (In the Second Edition, those comparisons 
were brought into conformity with the work of Captain Clarke, 
R.E., on " Standards of Length"). 

The Third Part relates to Engineering Greodesy, comprehending 
surveying, levelling, and the setting out of works. The rules- 
which depend on the figure and dimensions of the earth, such a» 
those for calculating the lengths of arcs of the meridian, and of arcs 
intersecting the meridian at different angles, are founded on the 
most probable determinations of the earth's dimensions. The rules- 
for the setting out of works comprehend directions for ranging 
curves on lines of railway^ and for easing the changes of curvature 
at the JEunctions of such curves with each other, and with straight 
lines. The Part concludea with a system of rules for the measure- 
ment of earthwork. 

The Fourth Part relates to Distributed Forces and Mechanical 
Centres. It includes tables of heaviness and specific gravity, and 
of expansion by heat; and rules for finding centres of gravity^ 
moments of weight and of inertia, centres of pressure, centres of 
percussion, and centres of buoyancy. 

The Fifth Part relates to the Balanoe and Stability of Structures, 
including frames, chains, and arched ribs, retaining walls, piers and 
abutments, arches of masonry, and foundations of different kinds. 

The Sixth Part relates to the Strength of Materials. It com- 
mences with a series of tables of the resistance of various kinds of 
materials to straining actions of different kinds ; followed by rules 
for the computation of the strength of materials in the various 
forms in which they are used in structures and machines ; such as . 
ties, pipes and cylinders, pillars, axles, beams, chains, and arches. 

The Seventh Part relates to Machines in general ; giving in the 
first place rules for the comparison of the motions of different points 
in a machine, and for the designing of the more important parts of 
mechanism, such as wheels and their teeth, speed-cones, parallel 
motions, &c. These are followed by rules relating to the work of 
machines at uniform speed and at varying speed, to centrifugal 
force, the balancing of machinery, and the use of fly-wheels ; and 
by directions how the rules of the sixth part are to be applied to 
the strength of machinery. In the course of this Part, rules are 
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given for the resistance of carriages on roads and railways, the 
tractive power of locomotives, and the ruling gradients of railways. 
The Part concludes with rules as to the power of horses and other 
animals, and of men, and a table of the quantity of labour required 
in various operations. 

In the Eighth Part are given rules applicable to Hydraulic and 
Marine Engineering; such as those which determine the head re- 
quired to produce a given discharge of water through a given 
channel or pipe ; the discharge from a given outlet with a given 
head ; the dimensions of the pipe or channel required to discharge 
water at a given rate with a given head; and the strength of water- 
pipes. Then follow rules for the designing of hydraulic prime 
movers ; such as vertical water-wheels, overshot or undershot, and 
turbines ; then rules applicable to windmills. Lastly, rules are 
given for the estimation of the resistance oi water to the motion of 
ships ; for the determination of the proper dimensions of propelling 
instruments of different kinds^ jets, paddles, or screws, and of the 
engine-power required to drive them; and for calculating the 
quantity of sail which a given ship can safely carry ; — all founded 
on practical experience on the large scale. 

The Ninth Part relates to Heat and the Steam Engine. It con- 
tains a system of rules and tables founded on the true principles of 
thermodynamics, and at the same time reduced to a degree of 
brevity and simplicity which it is believed has not hitherto been 
attained, for determining the relations between work done and 
heat expended in any actual or proposed steam engine. Those 
are followed by rules for fixing the leading dimensions of the 
principal parts of an engine required to do a given duty under 
given circumstances : for the heating power and the expenditure 
of fuel: for the efficiency and dimensions of furnaces and boilers; 
and for the proportioning of slide-valve gear, link-motions, and 
other fittings of steam engines^ At the end of the text is a 
plate containing a pair of diagrams of the mechanical properties of 
steam, by the use of which much of the labour of calculation may 
be saved; and this is followed by a very full alphabetical index. 

In this Third Edition various corrections, amendmentfif, and 
additions have been made. 

W. J. M. R 

Glasgow Ukivebsity, 1868. 
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Addenda. 

Approximate Rules for Safety Talres. (See also p. 303.) — To 

find the area of actual opening required. Divide the area of 
heating surface in square feet by 3 (or the area in square inches 
by 432) ; divide the quotient by the absolute pressure in pounds 
on the square inch : the final quotient will be the area required 
in fractions of a square inch. 

N.B. — This is based on experiments made with circular valves 
having a lift not exceeding -^ of diameter. 

Given the proportion of litt to diameter and the area of opening 
to find the area of the circular valve seat. Multiply the area of 
opening by \ of the ratio in which the diameter is greater than the 
lift. Special rules for valves in which, with a pressure of 1 pounds 
above the atmosphere, the valve is to rise not more than -^ of the 
diameter of the valve seat. To find the area of the circular valve 
seat. Divide the area of heating surface by 2000 ; the quotient will 
be in the same sort of measure with the area of the heating surface. 
To insure the same proportionate rise with a greater minimum pres- 
sure, the area should be varied inversely as the absolute pressure. 
To insure the same proportionate rise with a less minimum pressure, 
the area of valve seat should be made to vary inversely as the square 
root of the effective minimum pressure above the atmosphere. 

Proportion* of British and French ]flcasnrc«« — In the Compara- 
tive Tables of Measures contained in this volume, the value of 
the standard metre in inches is taken as ascertained at the 
British Ordnance Survey Office, viz., 39*37043. 

Such is the true scientific value of the metre : it has been shown, 
however, by the British Commission on Standards (see Appendix 
to Fifth Report, p. 198) that the commercial metre, owing to ex- 
pansion by heat, is longer than the scientific metre, being 39*38203 
inches. The difference is 0*0116 of an inch in each metre; that 
is to say, very nearly 0*295 millimetres in a metre. 

Standard Oaiion.— In the Act of Parliament relating to this 
subject the definition of the gallon as being the capacity of 10 lbs. 
of pure water at 62° Fahr. is that first given, and is obviously to bo 
always followed when practicable. The alternative definition of 
277*274 cubic inches is given as a means of determining the 
gallon when the first-mentioned method is impracticable. The 
second definition, however, is by far the more frequent in popular 
and even in scientific use. It makes the gallon greater than the 
first definition does in the proportion very nearly of 1*00054 : 1. 

Finid Onnce.~By an Order in Council, of the year 1871, a fluid 
ounce is recognized as being one-one-hundred-and-sixtyth of a 
gallon. 
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PART I. 

NXJMBERS AND FIGURES. 

Table 1. — Squabes, Cubes, Rbcipbocals, ajshd CoHuoir 
LoGABirnHS oi* Numbebs fbou 101 to 999. 

Explanation. 

Squares, Cvhee, and Bedproeala. 

1. The square, cube, and reciprocal of 1 are each of them 1. 

2. The square of any integer power of 10 is 1 followed by twice 
as many noughts as there are in the original number; for example, 
102 = 100 ; 1 002 = 10000, &c. 

3. The cube of any integer power of 10 is 1 followed by thrice 
as many noughts as there are in the original number; for example, 
102 = 1000 j 1002 ^ 1000000, <fec. 

4. • The reciprocal of any integer power of 10 is 1 preceded by a 
decimal point, and by one nought fewer than the original niunber 
contains. For example, 

5. The table gives the squares and cubes of all integer numbers 
consisting of three figures. To find the square and cube of any 
integer number consisting of two figures or one figure; annex one 
or two noughts, as the case may be; look for the number so formed 
in the left-hand column, take the square and cube opposite to i^ 
and omit the noughts from the right of each of them. For example 
to find the square and cube of 15; look for 150; then we find 

Number. Square. Onbe. 

150 22500 3375000 

from which, omitting the noughts, we obtain 

15 «25 3375 

B 
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Again, to find the square and cube of 7, look for 700; then we 
find 

Number. Square. Cube. 

700 490000 343000000 

from which, omitting the noughts, we obtain 

7 49 343 

6. To find the square and cube of a number consisting of three 
figures followed by noughts ; find the square and cube opposite the 
first three figures in the table ; annex twice as many noughts to 
the square, and thrice as many noughts to the cube. For example, 



Nmnber. 


Square. 


Cube. 


377 


I42129 


53582633 


3770 


14212900 


53582633000 . 


37700 


I42I 290000 

and so on. 


53582633000000 



7. The square and cube of a number consisting either wholly or 
partly of decimal fractions consist of the same figures as if the 
number were an integer; but the square contains twice as many, 
and the cube thrice as many places of decimals as the original 
number. The proper number of places is to be made up by pre- 
fixing noughts when required. For example. 



Number. 


Square. 


Cnbew 


377 


I42129 


53582633 


377 


1421*29 


53582633 


377 


14*2129 


53582633 


•377 


'142129 


•053582633 


•0377 


•OOI42129 

and so on. 


•000053582633 



8. The reciprocals given in the table are those of integers of 
three figures. For every nought that is annexed to the right of 
the original number, a nought is to be inserted at the left of the 
reciprocal ; and for every place of decimals that is cut off at the 
rigJU of the original number, the decimal point is to be shifted one. 
place to the right in the I'eciprocaL For example. 



Number. 




Eeciprocal. 


160 




•00625 


■ 1600 




•000625 


16000 




•0000625 




and 


SO on; 


16 




•0625 


1-6 




•625 


•16 




625 


•016 




62-5 


•0016 




625 




and so on. 
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9. The reciprocal of the reciprocal of a number is the original 
number itself. For example, 

The reciprocal of i6o is '00625 
The reciprocal of '00625 is 160 

Hence, when convenient, the reciprocal of a number may some- 
times be found by looking for the number in the column of reci- 
procals, and the reciprocal in the column of original numbensL 

10. To reduce a vxdgar fraction to a decimal fraction ; multiply 
the reciprocal of the denominator of the vulgar -fraction by the 
numerator. For example, to reduce 11-1 6 ths to a decimal 
fraction; 

Reciprocal of 16, "0625 

X Numerator, 11 

•6875 Answer, 

Note. — The only, numbers whose reciprocals can be expressed 
exactly in decimal fractions are 2, 5, and their powers and pro- 
ducts. Numbers divisible by any other prime factor give either 
repeating or circulating decimals as their reciprocals. 

11. The square of the product of two numbers is the product of 
their squares; the cube of their product is the product of their cubes. 
For example, 

19982 = (999x2)2 =9992x22 
= 998001x4 = 3992004; 

19983 = (999 X 2)3 = 999» x 23 
= 997002999 x 8 = 7976023992. 

12. To find the square or cube of a quotient or fraction ; divide 
the square or cube of the dividend or numerator by the square or 
cube of the divisor or denominator. For example, 



( 






13. To find the square of the sum of two numbers; add together 
their squares and twice their product. For example, to find the 
square of 37725 = 37700 + 25; 

377002=1421290000 

252 = 625 

37700 X 25 X 2 1885000 

377252 = 1423175625 Sum. 

14. To find the square of the difference of two numbers; from 



4 NUMBEBS AND FIGUBES. 

tbe sum of their squares subtract twice their product. Example : 
to find the square of 3772^ = 37800 - 75; 

378002 = 1428840000 
752=: 5625 

1428845625 Stm. 
37800 X 75 X 2 5670000 SvUractecL 

377252 (as before) 1423175625 Eemainder. 

15. To find the cube of the sum of two numbers; add together the 
cubes of the numbers and three times the square of each multiplied 
by the other. 

For example, to find the cube of 37725 = 37700 + 25-, 

377008 = 53582633000000 
25«= 16^25 

377002 X 25 X 3 

= 1421290000 X 25 X 3 = 106596750000 
37700 X 252 X 3 = 70687500 

37725»= 53689300453125 Sum. 

16. To find the cube of the difference of two numbers; to the 
cube of each of them add three times its product by the square of 
the other; subtract the less of those sums from the greater. For 
example, to find the cube of 37725 = 37800 - 75; 

378008 = 54010152000000 
37800 X 752 X 3 = 637875000 



753= 421875 

75 X 378002 X 3 = 321489000000 



54010789875000 Sum. 



321489421875 Sum. 



377258 (as before) 53689300453125 Diff. 

Extraction qfSqu^are and Cuhe Soots. 

17. For convenience in the extraction of roots, the squares in 
the table are divided into periods of two figures, commencing at the 
right, the left-hand period sometimes containing one figure only - 
and the cubes are divided into periods of three figures, commencing 
at the right, the left-hand period sometimes containing two figures 
or one figure only. The number of periods in the square and the 
cube respectively is the same with the number of figures in the 
root, or original number; and should there be a decimal point; 
between two figures of the root, the decimal points in the square 
and cube respectively are between the periods corresponding to 
those figures. (For examples, see Articles 6 and 7.) 

18. To find the square root of an exact square of not more tliaa 
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six figures; divide the given square into periods of two figures, 
beginning at the decimal point ; look in the column of squares for 
the same figures, similarly divided into periods; the root will be 
opposite. Then place the decimal point so that the root shall have 
the same number of integer figures that the square has of integer 
periods. 

19. To extract the approximate square root of a given number 
that is not an exact square, correct to three figures; divide the 
given number into periods of two figures, commencing at the 
decimal point; then look in the column of squares for the nearest 
square tJiat has the same left-hand period with the given number; the 
root opposite that square will give the first three figures of the 
required root. Then place the decimal point as directed in 
Rule 18.* 

20. To extract the approximate square root of a given number 
having three periods of figures that is not an exact square, correct 
to five places of figures. For the first three figures, take the root 
of that square in the table which is next below the given number, 
and has its left-hand period the saime. Subtract that square from 
the given number; annex two noughts to the remainder; then 
divide it by the sum of the three figures found and the next greater 
root in the table ; the integer figures of the quotient Will be the 
two additional figures of the approximate root. (Should there 
be but one integer figure in the quotient, insert a nought 
before it.) 

Examples op Rules 18, 19, and 20. 

L Extract the square root of 1421 '29. Divide this number 
into periods of two figures, thus, 14 21 -29. Then amongst 
the squares in the table whose left-hand period is 14 is found 
142129, the square of 377; so that the given number is an 
exact square. The decimal point coming between the second and 
third periods of the square shows that the decimal point comes 
between the second and third figures of the root; wluch is there- 
fore 37-7. 

II. Extract the approximate square root of 1423*18, correct to 
three figures. Divide the number into periods of two figures, thus, 
14 23 -18. 

Given number, .-;14 23 '18 

Nearest square of which the ) , i o^ .99 — 37-72 
left-hand period is 14, j "" "" 

Therefore 37*7 is the approximate root required. 

IIL Extract the approximate square root of 1423*18, correct to 
^^^ figures; 
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Given number, in periods as before, 14 23 '18 

Next less square in the table, 14 21 '29 = 37-72 

' Divide by 377 + 378 = 755 ) 1 SdOO Dif. 

Quotient, being the two additional figures required, 25; 

37*725, approximate root. 

Note. — It is essential that the left-Jiand period^ and not merely 
the left-hand figures, of the square in the table should agree with 
the given number; otherwise great errors will arise. In the 
examples given the same left-hand figures are found in 14161, the 
square of 119, as in the given number; but the left-hand period is 
only 1 instead of 14; and it would be a great error to take 119 as 
an approximation to the root required. 

The same remark applies to the niles for extracting the cube 
root, now about to be given. 

21. To find the cube root of an exact cube of not more than 
nine figures; divide the given cube into periods of three figures, 

' beginning at the decimal point; look in the column of cubes for 
the same figures similarly divided into periods; the root will be 
opposite. Then place the decimal point so that the root shall have 
the same number of integer figures that the cube has of integer 
periods. 

22. To extract the approximate cube root of a given number 
that is not an exact cube, correct to three figures; divide the 
given number into periods of three figures, commencing at the 
decimal point; then look in the column of cubes for the nearest 
cube thcU lias the same left-hand period with the given number; the 
root opposite that square will be the required approximate root. 

23. To extract the approximate cube root of a given number 
Laving three periods of figures that is not an exact cube, correct 
to ^^TQ places of figures. For the first three figures, take the root 
of that cube in the table which is next below the given number, 
and has its left-hand period the same. Subtract that cube from the 
given number; annex two noughts to the remainder; then divide 
it by the three figures already found, by the same three figures 
plus one, and by 3 ; the integer figures of the quotient will be the 
two additional figures of the approximate root. (Should there be 
but one integer figure in the quotient, insert a nought before it). 

Examples of Bules 21, 22, and 23. 

I. Extract the cube root of 53*582633. Divide the number into 
periods of three figures, beginning at the decimal point, thus, 
53*582 633. Then amongst the cubes in the table whose left-hand 
period is 53 there is found 53 582 633, the cube of 377 ; so that the 
given number is an exact cube. The decimal point coming between 
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the first and second periods in the cube shows that the decimal 
point comes between the first and second peiiods in the root; 
which is therefore 3*77. 

II. Extitict the approximate cube root of 53*6893, correct to 
three figures. Divide the number into periods of three figures, 
thus, 53-689 300. Then we have, 

Given number, 53* 689 300 

Nearest cube of which the );;o k on coo o tts 
left-hand period k 53,. . . T ^ ^^2 633 = 3-77» 

Therefore 3*77 is the approximate root required. 

III. Extract the approximate cube root of 53*6893, correct to 
five figures. 

Given number, in periods as before,... 53* 689 300 

Next less cube in the table, . 53- 582 633 = 377^ 

Divide by 377 ) 106 667 00 Diff. 

Divide by 378 ) 282 93 

Divide by 3 ) 75 

Quotient, being the two additional figures required, 25 

3*7725, approximate root. 

Use o/Sqiui/res/or MiUtiplication, 

24. To multiply two numbers together by means of a table of 
squares. 

Case L If both numbers are odd, or both even; from the square 
of their half-sum subtract the square of their half-difference ; the 
remainder will be the product required. 

Case II. If one number is odd, and the other even ; subtract 
1 from the even number, so as to leave an odd remainder; 
multiply the first odd number and the odd remainder together as 
in Case I, and to their product add the first odd number; the sum 
will be the product required. 

Example I.— Multiply together 377 and 591 

^ ,« 968 

Half-sum, -s- = 484 ; its square, 234256 

« 214 

Half-diff., -^ = 107 ; its square, 1 1 449 

Product required, 222807 

Example II. — Multiply together 377 and 592. 
377 X 591, by Case I. = 222807 

Add 377 

Product required, 223184 



8 inruBERs A]n> fioubes. 

Commm LogarUhms. 

25. The logarithm of 1 is 0. 

26. The common logarithm of 10 is 1, and that of any power of 
10 is the index of that power; in other words, it is equal to the 
number of noughts in the power; thus the common logarithm of 
100 is 2; that of 1000, 3; and so on. 

27. The common logarithm of •! is — 1, and that of any power 
of *1 is the index of that power with the negative sign; that is, it 
is equal to one more than the number of noughts between the 
decimal point and the figure 1, with the negative sign ; for example, 
the common logarithm of '01 is— 2; that of •001,-3; and so on. 

28. The logarithms given in the table are merely the fractional 
parts of the logarithms, correct to five places of decimals, without 
the integral parts or indices; which are supplied in each case 
according to the following rules : — 

The index of the common logarithm of a number not less than 
1 is one less than the number of integer places of figures in that 
number; that is to say, for numbers less than 10 and not less than 
1, the index is ; for numbers less than 100 and not less than 10, 
the index is 1 ; for numbers less than 1000 and not less than 100, 
the index is 2 ; and so on. 

The index of the common logarithm of a decimal fraction less 
than 1 is rtegative, and is one more than the number of noughts 
between the decimal point and the significant figures; and the 
negative sign is usually written above instead of before the index; 
that is to say, for numbers less than 1 and not less than *1, the 

index is 1; for numbers less than '1 and not less than rOl^ the 

index is 2; and so on. 

The fractional part of a ootnmon logarithm is always positive^ 
and depends solely upon the series of figures of which the number 
consists^ and not upon the place of the decimal point amongst 
them. 



Examples. 




Kmnber, 


Logarithm. 


377000 


5-57634 


37700 


457634 


3770 


357634 


377 


257634 


377 


1*57634 


3*77 


057634 


•377 


1*57634 


•0377 


^•57634 


•00377 


357634 


and so on. 
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29. The logarithm of a product is the sum of the logarithms of 
its factors. 

30. The logarithm of a power is equal to the logarithm of the 
root multiplied by the index of the power. 

31. The logarithm ci a quotient is found bj subtracting the 
logarithm of the divisor from the logarithm of the dividend. 

32. The logarithm of a root is found by dividing the logarithm 
of one of its powers by the index of that power. 

Note. — In applying the principles 29 and 31 to logarithms of 
numbers less than 1, it is to be observed that negative indices are 
to be subtracted instead of being added^ and added instead of being 
subtracted. 

33. To avoid the inconvenience which attends the use of negative 
indices to logarithms, it is a very common practice to put, instead 
of a negative index to the logarithm of a fraction, the complement 

(as it is called) of that index to 10; that is to say, 9 instead of T, 

8 instead of 2, 7 instead of 3, and so on. In such cases, it is always 
to be understood that each such complementary index has — 10 
combined with it ; and to prevent mistakes, it is useful to prefix 
— 10+ to it j for example, 

njnmTwtK Iiogarithm with Logarithm witii 

jNnmuer. Negative Index. Complementary Index. 

•377 T-57634 - 10 + 9*57634 

•0377 2-57634 - 10 + 8*57634 

•00377 3-57634 -10 + 7-57634 

34. To find the fractional part of the common logarithm of a 
number of five places of figures; take fi-om the table the logarithm 
corresponding to the first three figures, and the difierence between 
that logarithm and the next greater logarithm in the table; mul- 
tiply that difference by the two remaining figures of the given 
number, and divide by 100; the quotient will be a correction, to 
be added to the logarithm already found. 

Example. — Find the common logarithm of 37725. 

Log. 877, 57634 

Log. 378, .57749 

Difference, 115 

X 25 + 100 

Correction...... 29 

Add log. 377, 57634 

Log. 37725, 57663 Answer. 

35. To find the natural number, or cmtilogarithm, coiresponding 
to a common logarithm of five places of decimals, which is not in 
the table; find the next less, and the next greater logarithm in 
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the table, and take their difference. Opposite the next less 
logarithm will be the first three figures of the antilogaritbm. 
Subtract the next less logarithm from the given logarithm ; aonex 
two noughts to the remainder, and divide by the before-mentioned 
difference; the quotient will give two additional figures of the 
required antilogarithm. (The first of those figures may be a 
nought.) 

Example. — Find the antilogarithm of the common logarithm 
•57663. 

Next less log. in table, 57634 

Next greater, 57749 

Difference, 115 

Given logarithm, 57663 

Subti-act log. 377, 57634 

Divide by difference, 115)2900 

Two additional figures,... 25 

80 that the answer is 37725. 



Explanation of Table 1a and Table 2. 

Table 1 a, immediately following Table 1, gives the approximate 
square roots, cube roots, and reciprocals of the prime numbers 
from 2 to 97 inclusive; the roots to seven, and the reciprocals to 
nine places of decimals. 

Table 2, following Table 1 A, gives the squares and fifth powers 
of numbers from 10 to 99 inolusivOi 



11 



No. 


Square. 


Cube. 


Reciprocal 


C. Log. 


lOI 


I 02 01 


I 030 301 


•009900990 


00432 


102 


I 04 04 


I 061 208 


•009803922 


00860 


103 


... I 06 09 


... 1092727 


-009708738 


01284 


104 


I 08 16 


I 124864 


•009615385 


01703 


105 


I 1025 


1 157 625 


•009523810 


02119 


106 


... I 1236 


... I 191 016 


'009433962. 


02531 


107 


I 1449 


I 225 043 


•009345794 


02938 


108 


I 1664 


I 259 712 


•009259259 


03342 


109 


... I 1881 


... I 295029 


'009174312 


03743 


IIO 


I 21 00 


I 331 000 


•009090909 


04139 


III 


T232T 


I 367 631 


•009009009 


04532 


112 


... 12544 


... I 404 928 


-008928571 


04922 


113 


I 27 69 


I 442 897 


•008849558 


05308 


114 


I 2996 


I 481 644 


•008771930 


05690 


115 


... I 32 25 


... 1520875 


•008695652 


06070 


116 


13456 


I 560 896 


•008620690 


06446 


117 


13689 


I 601 613 


•008547009 


06819 


118 


... I 39 24 


... 1643032 


'008474576 


07188 


119 


1 41 61 


I 685 159 


•008403361 


07555 


120 


I 4400 


I 728000 


•008333333 


07918 


121 


... I 46 41 


... I 771 561 


^008264463 


08279 


122 


14884 


I 815 848 


•008 1 967 2 1 


08636 


123 


I 51 29 


I 860 867 


•008130081 


08991 


124 


... 15376 


... I 906624 


'008064516 


09342 


125 


15625 


I 953 125 


•008000000 


09691 


126 


15876 


2 000 376 


•007936508 


10037 


127 


... I 61 29 


... 2 048 383 


-007874016 


10380 


128 


16384 


2097 152 


•007812500 


10721 


129 


I 6641 


2 146 689 


•007751938 


11059 


130 


... I 6900 


... 2 197 000 


^007692308 


"394 


131 


I 71 61 


2248091 


•007633588 


11727 


132 


17424 


2 299 968 


•007575758 


12057 


133 


... 17689 


... 2 352 637 


-007518797 


12385 


'34 


17956 


2 406 104 


•007462687 


12710 


135 


18225 


2 460 375 


•007407407 


13033 


136 


... I 8496 


... 2515456 


'007352941 


13354 


137 


18769 


2571353 


•007299270 


13672 


138 


19044 


2628 072 


•007246377 


13988 


139 


... I 93 21 


... 2685619 


^007194245 


14301 


140 


I 9600 


2 744 000 


•007142857 


14613 


141 


I 98 81 


2 803 221 


•007092199 


14922 


142 


... 201 64 


.., 2863288 


^007042254 


15229 


143 


20449 


2 924 207 


•006993007 


15534 


144 
145 


207 36 


2 985 984 


•006944444 


15836 


2 10 25 


3 048 625 


•006896552 


i6'3/ 1 
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No. 


Square. 


Cube. 


146 


2 13 16 


3^12136 


M7 


2 1609 


3176523 


148 


... 2 1904 


... 3241792 


149 


22201 


3 307 949 


150 


2 2500 


3 375 000 


151 


... 2 2801 


— 3442951 


152 


23104 


3 511 808 


153 


23409 


3581577 


154 


... 23716 


... 3652264 


155 


24025 


3723875 


156 


24336 


3796416 


157 


... 2 46 49 


... 3869893 


158 


24964 


3 944 3" 


159 


25281 


4019679 


160 


... 25600 


... 4096000 


161 


25921 


4 173 281 


162 


26244 


4251528 


163 


... 26569 


- 4330747 


164 


26896 


44^0944 


165 


27225 


4492125 


166 


... 27556 


— 4574296 


167 


27889 


4 657 463 


168 


2 82 24 


4741632 


169 


... 28561 


... 4826809 


170 


2 8900 


4913000 


171 


29241 


5 000 211 


172 


... 29584 


... 5088448 


173 


2 9929 


5177717 


174 


302 76 


5 268024 


175 


... 30625 


— 5 359 375 


176 


30976 


5451776 


177 


31329 


5 545 233 


178 


... 3 1684 


— 5639752 


179 


32041 


5735 339 


180 


32400 


5 832 000 


181 


... 3 27 61 


... 5929741 


182 


33124 


6 028 568 


183 


33489 


6128487 


184 


... 33856 


... 6 229504 


185 


34225 


6331625 


186 


34596 


6 434 856 


187 


... 34969 


... 6539203 


188 


3 53 44 


664467a 


189 


35721 * 


6751269 


T90 


361 00 


6 859 000 



Reciprocal. 
•006849315 

•006802721 

-006756757 

•0067 1 1 409 
•006666667 

'006622517 

•006578947 
•006535948 

'006493506 

•00645 16 1 3 
•006410256 

'O06369427 

•0063291 14 
'O06289308 

^006250000 

•00621 1 180 
•006172840 

^006 134969 

•006097561 
•006060606 

^00602 4096 

•005988024 
•005952381 

.......005917160 

•005882353 
•005847953 

'005813953 

•005780347 
•005747126 

.......005714286 

•00568 18 1 8 
•00564971 & 

.......005617978 

•005586592 

•00555555^ 
.......005524862 

•005494505 

•005464481 

'005434783; 

•005405405, 
•005376344 

'005347594 

•0053 1 91 49 
■005291005 
•00526315a 



C Log. 

16435 
16732 

.....17026 

I7319 
17609 

17898 

18184 
18469 

18752 

19033 
I9312 

19590 

19866 

20140 

,..•.20412 
20683 
20952 

,....21219 
21484 
21748 

....220II 
22272 
22531 

....22789 

23045 
23300 

....23553 
23805 

24055 
,....24304 

24551 
24797 

25042 

25285 
25527 

25768 

26007 
26245 

26482 

26717 
26951 
,..•..27184 
27416 
27646 

• 27875 
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No. 


Square. 


Cube. 


Reciprocal 


CLog. 


191 


3648T 


6967871 


•005235602 


38103 


192 


36864 


7 077 888 


•005208333 


28330 


193 


... 37349 


... 7189057 


-005181347 


28556 


194 


37636 


7 301 384 


•005154639 


28780 


^95 


38025 


7414875 


•005128205 


39003 


196 


... 384 16 


- 7529536 


•OO5IO204I 


39226 


197 


38809 


7 645 373 


•005076142 


29447 


198 


39204 


7 762 392 


•005050505 


29667 


199 


... 39601 


... 7880599 


^005025126 


29885 


200 


40000 


8 000 000 


•005000000 


30103 


201 


40401 


8 120 60T 


•004975124 


30320 


202 


... 40804 


... 8242408 


'004950495 


30535 


203 


4 1209 


8 365 427 


•004926108 


30750 


204 


416 16 


8489664 


•00490 1 96 1 


30963 


205 


... 42025 


... 8615125 


^004878049 


31175 


206 


42436 


8 741 816 


•004854369 


31387 


207 


42849 


8 869 743 


•004830918 


.31597 


208 


... 43264 


... 8998912 


'004807692 


31806 


209 


43681 


9129329 


•004784689 


32015 


210 


441 00 


9 261 000 


•004761905 


32223 


211 


... 44521 


— 9393931 


'004739336 


32428 


212 


449 44 


9528 128 


•0047 1 698 1 


32634 


213 


45369 


9 663 597 


•004694836 


32838 


214 


... 45796 


... 9800344 


^00467 2897 


33041 


215 


46225 


9938375 


•00465 1 1 63 


33244 


216 


46656 


10077 6g6 


•004629630 


33445 


217 


... 47089 


...10218313 


-004608295 


33646 


218 


47524 


10360232 


•004587156 


33846 


219 


47961 


10 503 459 


'OO45662IO 


34044 


220 


... 48400 


...10648000 


-004545455 


34242 


221 


48841 


10793861 


•004524887 


34439 


222 


4 92 84 


10 941 048 


•004504505 


34635 


223 


... 4 97 29 


...II 089 567 


-004484305 


34830 


224 


50176 


II 239424 


•004464286 


35025 


225 


50625 


II 390 625 


•004444444 


35218 


226 


... 51076. 


..."543176 


-004424779 


354" 


227 


51529 


II 697 083 


•004405286 


35603 


228 


51984 


"852352 


•004385965 


35793 


229 


... 52441 


...12008989 


-004366812 


35984 


230 


52900 


12 167 000 


•004347826 


36173 


231 


53361 


12 326 391 


•004329004 


36361 


233 


... 5 38 H 


...12487 168 


'004310345 


36549 


233 


54289 


12649337 


•004291845 


36736 


234 


54756 


12 812 904 


•004273504 


36922 


235 


55225 


12977875 


'004255319 


37107 



u 



No. 


Square. 


Cube. 


Reciprocal 


C Log. 


236 


55696 


13 144 256 


•004237288 


37291 


237 


56169 


133^2053 


'004219409 


37475 


238 


... 56644 


...13481 272 


'004201681 


37658 


239 


57121 


13651 919 


'OO4184IOO 


37840 


240 


57600 


13 824 000 


•004166667 


38021 


241 


... 58081 


..•13 997 521 


-004149378 


38202 


242 


58564 


14172488 


•004132231 


38382 


243 


59049 


14348907 


'OO4I 15226 


38561 


244 


.- 5 9i3<5 


...14526 784 


-004098361 


38739 


245 


60025 


14706 125 


-004081633 


38917 


246 


60516 


14 886 936 


.004065041 


39094 


247 


... 6 1009 


...15069223 


-004048583 


39270 


248 


61504 


15252992 


-004032258 


39445 


249 


62001 


15 438 249 


'OO4O16064 


39620 


250 


... 6 2500 


...15625000 


-004000000 


39794 


251 


63001 


15 813 251 


•003984064 


39967 


252 


63504 


16003008 


•003968254 


40140 


253 


... 64009 


...16 194277 


-003952569 


40312 


254 


645^6 


16387 064 


•003937008 


40483 


255 


65025 


16581375 


•003921569 


40654 


256 


... 65536 


...16777 216 


-003906250 


40824 


257 


66049 


16974593 


•003891051 


40993 


258 


66564 


17173512 


•003875969 


41162 


259 


... 67081 


...17373979 


'003861004 


41330 


260 


67600 


17576000 


•003846154 


41497 


261 


681 21 


17779581 


•003831418 


41664 


262 


... 68644 


...17984728 


-003816794 


41830 


263 


691 69 


18191447 


-003802281 


41996 


264 


6g6g6 


18399744 


-003787879 


42160 


265 


... 7 02 25 


...18609625 


-003773585 


42325 


266 


70756 


18821 096 


•003759398 


42488 


267 


7 1289 


19034163 


•003745318 


42651 


268 


... 7 1824 


...19248832 


003731343 


42813 


269 


72361 


19465109 


•003717472 


42975 


270 


7 2900 


19683000 


•003703704 


43136 


271 


... 73441 


...19902511 


-003690037 


43297 


272 


73984 


20 123648 


•003676471 


43457 


273 


74529 


20346417 


'OO3663004 


43616 


274 


... 75076 


...20570824 


-003649635 


43775. 


275 


75625 


20796875 


•003636364 


43933^ 


276 


761 76 


21024576 


•003623188 


44091 J 


277 


... 7 67 29 


...21253933 


'O036IOIO8 


44248 


278 


77284 


21484952 


•003597122 


44404 


279 


77841 


21717639 


•003584229 


44560 


280 


7 8400 


21 952000 


•003571429 


44716 
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No. 


Square. 


Cube. 


Reciprocal 


C. Log. 


281 


78961 


22 188 041 


•003558719 


44871 


282 


79524 


22 425 768 


•003546099 


45025 


283 


... 80089 


...22665 187 


-003533569 


45179 


284 


80656 


22 906 304 


•003521 127 • 


45332 


285 


81225 


23 149 125 


•003508772 


45484 


286 


... 81796 


••23393656 


'003496503 


45637 


287 


82369 


23 639 903 


•003484321 


45788 


288 


8 2944 


23887872 


•003472222 


45939 


289 


... 83521 


— 24137569 


-003460208 


46090 


290 


84100 


24 389 000 


•003448276 


46240 


291 


84681 


24642 171 


•003436426 


46389 


292 


... 85264 


...24897088 


-003424658 


46538 


293 


85849 


25153757 


•003412969 


46687 


294 


86436 


25412 184 


•00340 1 36 1 


46835 


295 


... 87025 


...25672375 


'003389831 


46982 


296 


87616 


25 934 336 


•003378378 


47129 


297 


88209 


26 198073 


•003367003 


47276 


298 


... 88804 


...26463592 


-003355705 


4742;j 


299 


89401 


26730899 


•003344482 


47567 


300 


90000 


27 000 000 


•003333333 


47712 


301 


... 90601 


...27 270901 


-003322259 


47857 


302 


9 1204 


27 543 608 


•00331 1 258 


48001 


303 


9 1809 


27 818 127 


•003300330 


48144 


304 


... 92416 


...28094464 


^003289474 


48287 


305 


93025 


28372625 


•003278689 


48430 


306 


93636 


28652616 


•003267974 


48572 


307 


... 94249 


...28934443 


003257329 


48714 


308 


94864 


29218 112 


•003246753 


48855 


309 


95481 


29503629 


•003236246 


48996 


310 


... 96100 


...29791 000 


-003225806 


49136 


311 


967 21 


30080231 


•003215434 


49276 


312 


9 73 44 


30371328 


•003205128 


49415 


313 


... 97969 


...30664297 


-003194888 


49554 


314 


98596 


30959144 


•003 1 847 1 3 


49693 


315 


99225 


31255875 


•003174603 


49831 


316 


... 99856 


...31554496 


-003164557 


49969 


317 


10 04 89 


31 855 013 


-003154574 


50106 


318 


10 II 24 


32 157 432 


•003144654 


50243 


319 


... 10 17 61 


...32461759 


^003134796 


50379 


. 320 


10 24 00 


32 768 000 


•003125000 


50515 


321 


. 10 30 41 


33 076 161 


•0031 15265 


50651 


322 


... 103684 


—33 386 248 


-003x05590 


50786 


323 


10 43 29 


33 698 267 


•00309597s 


50920 


324 


104976 


34012 224 


•003086420 


51055 


325 


10 56 25 


34 328 125 


•003076923 


51188 



16 



No. 


Square. 


Cube. 


RedprocaL 


C Log. 


326 


106276 


34645976 


•003067485 


51322 


327 


10 6g 29 


34 9^5 783 


•003058104 


51455 


328 


... 107584 


...35 287 552 


-003048780 


51587 


329 


10 82 41 


35 611 289 


•003039514 


51720 


330 


108900 


35 937 000 


•003030303 


51851 


331 


... 10 95 61 


...36264691 


'003021148 


51983 


333 


II 0224 


36 594 368 


•003012048 


52114 


333 


II 08 89 


36 926 037 


•003003003 


52244 


334 


... II 1556 


...37259704 


'002994012 


52375 


335 


II 22 25 


37 595 375 


•002985075 


52504 


33^ 


II 2896 


37 933 056 


•002976190 


52634 


337 


... II 3569 


...38272753 


-002967359 


52763 


338 


II 42 44 


38614472 


•002958580 


52892 


339 


li 4921 


38958219 


•002949853 


53020 


340 


... II 5600 


...39304000 


'002941176 


53148 


341 


116281 


39651 821 


•002932551 


53275 


342 


II 6964 


40 001 688 


•002923977 


53403 


343 


... II 7649 


...40353607 


-002915452 


53529 


344 


II 83 36 


40 707 584 


•002906977 


53656 


345 


II 90 25 


41 063 625 


^00289855 I 


53782 


346 


... II 97 16 


...41 421 736 


-002890173 


53908 


347 


120409 


41 781 923 


•002881844 


54033 


348 


12 II 04 


42 144 192 


•002873563 


54158 


349 


... 12 1801 


...42508549 


'002865330 


54283 


350 


12 2500 


42 875 000 


•002857143 


54407 


351 


12 3201 


43243551 


•002849003 


54531 


352 


, ... 123904 


...43614208 


-002840909 


54654 


353 


124609 


43 986 977 


•002832861 


54777 


354 


12 53 16 


44361864 


•002824859 


54900 


355 


... 126025 


...44738875 


-0028 1 6901 


55023 


356 


126736 


45 118 016 


•002808989 


55145 


357 


127449 


45 499 293 


•002801 1 20 


55267 


358 


... 12 81 64 


...45882712 


-002793296 


55388 


359 


12 88 81 


46 268 279 


•002785515 


55509 


360 


129600 


46 656 000 


•002777778 


55630 


361 


... 13 03 21 


...47045881 


-002770083 


55751 


362 


13 10 44 


47 437 928 


•002762431 


55871 


363 


13 17 69 


47 832 147 


•002754821 


55991 


3<54 


... 132496 


...48228544 


-002747253 


56110 


365 


133225 


48627 125 


-002739726 


56229 


366 


13395^5 


49 027 896 


•002732240 


56348 


367 


..; 134689 


..^49 430 863 


-002724796 


56467 


368 


135424 


49 836 032 


•OO271739I 


56585 


369 


13 61 61 


60 343 409 


•0027 10027 


56703 


370 


13 69 00 


50 653 000 


•002702703 


56820 







17 






No. 


Square. 


Cube. 


ReciprocaL 


CLog. 


371 


13 76 41 


51 064 811 


'OO2695418 


56937 


372 


13 83 84 


51478848 


•002688172 


57054 


373 


... 13 91 29 


...5'^ 895 117 


'OO2680965 


57171 


374 


139876 


52313624 


•002673797 


57387 


375 


140625 


53734375 


•602666667 


57403 


376 


... 14 13 76 


...53 157 376 


-002659574 


57519 


377 


14 21 29 


53 582 633 


•002652520 


57634 


378 


142884 


54010 152 


■002645503 


57749 


379 


... 14 36 41 


-.54439939 


"002638522 


57864 


380 


144400 


54872000 


•002631579 


57978 


381 


1451^1 


55 306 341 


•002624672 


58092 


383 


•,• 14 59 34 


...55 743 968 


*oo26i78oi 


58206 


383 


146689 


S6 181 887 


•002610966 


58330 


384 


147456 


56623104 


•002604167 


58433 


385 


... 14 82 25 


...57 066 625 


-002597403 


58546 


386 


148996 


57513456 


x>o259o674 


58659 


387 


149769 


57 960 603 


•002583979 


58771 


388 


... 150544 


...58 411 072 


'002577320 


58883 


389 


15 13 21 


58 863 869 


'002570694 


58995 


390 


15 21 00 


59319000 


•002564103 


59106 


391 


... 15 28 81 


-.59776471 


-003557545 


59218 


392 


15 3^564 


60 236 288 


-002551020 


59329 


393 


15 44 49 


60 698 457 


•002544529 


59439 


394 


— 155236 


...61 162 984 


•002538071 


59550 


395 


15 60 25 


61629875 


•002531646 


59660 


39^ 


15 68 16 


62099 136 


•002525253 


59770 


397 


... 157609 


...62570773 


'002518892 


59879 


398 


15 84 04 


63044792 


•002512563 


59988 


399 


15 92 01 


' 63521 199 


•002506266 


60097 


400 


••• 160000 


•..64000000 


'002500000 


60206 


401 


16 08 01 


64481 201 


•002493766 


60314 


402 


16 16 04 


64 964 808 


•002487562 


60423 


403 


... 162409 


...65450827 


•002481390 


60531 


404 


1632 16 


65 939 264 


•002475248 


60638 


405 


16 40 25 


66430125 


'002469136 


60746 


406 


... 164836 


•..66923416 


^002463054 


60853 


407 


165649 


67419143 


•002457002 


60959 


408 


166464 


67 917 312 


•002450980 


61066 


409 


... 16 72 81 


...68417 929 


'002444988 


61172 


410 


16 81 00 


68921 000 


•002439024 


61278 


411 


168921 


69426531 


•002433090 


<?i384 


41a 


... 16 97 44 


...69934528 


'002427184 


61490 


413 


17 05 69 


70 444 997 


•002421308 


61595 


4U 


17 1396 


70 957 944 


•002415459 


61700 


4^5 


17 2225 


71473375 


•002409639 


61805 






c 







u^/ 



18 



No. 


Square. 


Cube. 


Reciprocal. 


C Log. 


416 


17 30 56 


71 991 296 


•002403846 


61909 


417 


17 38 89 


72511713 


•002398082 


62014 


418 


... 174724 


...73034632 


-002392344 


62I18 


419 


17 55 61 


73560059 


•002386635 


62221 


420 


17 6400 


74 088 000 


•002380952 


62325 


421 


... 17 72 41 


...74 618 461 


-002375297 


62428 


422 


178084 


75 151 448 


•002369668 


62531 


423 


178929 


75 686 967 


•002364066 


62634 


424 


... 179776 


...76 225024 


•002358491 


62737 


425 


180625 


76765625 


•002352941 


62839 


426 


18 14 76 


77308776 


•002347418 


6294I 


427 


.., 182329 


...77854483 


'002341920 


63043 


428 


18 31 84 


78 402 752 


•002336449 


63144 


429 


18 40 41 


78 953 589 


•002331002 


63246 


430 


... 184900 


...79507 000 


-002325581 


63347 


431 


185761 


80062 991 


•002320186 


63448 


432 


186624 


80621568 


•OO2314815 


63548 


433 


... 187489 


...81 182737 


'OO2309469 


63649 


434 


188356 


81746504 


•002304147 


63749 


435 


189225 


82312875 


-002298851 


63849 


436 


... 190096 


...82881856 


'002293578 


63949 


437 


190969 


83 453 453 


•002288330 


64048 


438 


19 18 44 


84027672 


•002283105 


64147 


439 


... 1927 21 


...84604519 


-002277904 


64246 


440 


193600 


85 184000 


•002272727 


64345 


441 


19 44 81 


85 766 121 


•002267574 


64444 


442 


... 195364 


...86350888 


-002262443 


64542 


443 


196249 


86 938 307 


•002257336 


64640 


444 


197136 


87 528 384 


•002252252 


64738 


445 


... 198025 


...88 121 125 


-002247191 


64836 


446 


1989 16 


88716536 


•002242152 


64933 


447 


199809 


89314623 


•002237136 


65031 


448 


... 200704 


...89915392 


-002232143 


65128 


449 


20 16 01 


90518849 


-002227171 


65225 


450 


20 25 00 


91 125000 


-002222222 


65321 


451 


... 203401 


-91733851 


-002217295 


65418 


452 


20 43 04 


92 345 408 


•002212389 


65514 


453 


205209 


92 959 677 


•002207506 


65610 


454 


... 2061 t6 


...93576664 


^002202643 


65706 


455 


207025 


94196375 


•002197802 


65801 


45<5 


207936 


94 818 816 


•002192982 


65896 


457 


... 208849 


••95 443 993 


•002188184 


65992 


458 


20 97 64 


96071 912 


-002183406 


66087 


459 


21 06 81 


g6 702 579 


•002178649 


66181 


460 


21 1600 


97 336 000 


•002173913 


66276 



19 



No. 


Square. 


Cube. 


RedprocaL 


CLog. 


461 


21 2521 


97 972 181 


•002 1 691 97 


66370 


462 


213444 


98 611 128 


'002164502 


66464 


463 


... 214369 


... 99252847 


'002159827 


66558 


464 


21 5296 


99 897 344 


'OO2155172 


66652 


465 


21 6225 


100544625 


'OO2150538 


66745 


466 


... 21 7156 


...loi 194696 


-002145923 


66839 


467 


21 8089 


loi 847 563 


'OO2I41328 


66932 


468 


21 9024 


102 503 232 


'OO2136752 


67025 


469 


... 219961 


,..103 i6t 709 


'002132x96 


67II7 


470 


22 09 00 


103 823 000 


'OO2127660 


67210 


471 


22 18 41 


104487 III 


•002 1 23 1 42 


67302 


472 


... 222784 


...105 154048 


'002118644 


67394 


473 


22 37 29 


105823817 


'OO2II4165 


67486 


474 


22 4676 


106496424 


'OO 2 109705 


67578 


475 


... 225625 


...107 171 875 


'OO2IO5263 


67669 


476 


226576 


107 850 176 


'OO 2 100840 


67761 


477 


227529 


108 531 333 


•002096436 


67852 


478 


... 228484 


...109 215 352 


'OO209205O 


67943 


479 


229441 


109 902 239 


•002087683 


68034 


480 


23 04 00 


no 592 000 


•002083333 


68124 


481 


... 23 13 61 


...III 284641 


'OO2079OO2 


68215 


482 


23 23 24 


III 980168 


•002074689 


68305 


483 


233289 


112 678 587 


'OO2070393 


68395 


484 


... 234256 


...113 379 904 


'OO2066116 


68485 


485 


235225 


114 084 125 


•002061856 


68574 


486 


2361 96 


114791256 


'OO2057613 


68664 


487 


... 237169 


...115 501 303 


-002053388 


68753 


488 


23 81 44 


116 214 272 


•002049180 


68842 


489 


2391 21 


116 930 169 


•002044990 


68931 


490 


... 240100 


...117 649000 


'0020408x6 


69020 


491 


24 10 81 


118 370771 


•002036660 


69108 


492 


24 20 64 


119 095 488 


•002032520 


69197 


493 


... 24 30 49 


...119 823 157 


-002028398 


69285 


494 


24 40 36 


120553784 


•002024291 


69373 


495 


24 50 25 


121 287 375 


•002020202 


69461 


496 


... 2460 16 


...122023936 


'002016129 


69548 


497 


247009 


122763473- 


'OO2OI2072 


69636 


498 


24 80 04 


123505992 


•002008032 


69723 


499 


... 249001 


...124251499 


'OO 2004008 


69810 


500 


25 00 00 


125000000 


•002000000 


69897 


501 


25 1001 


125 751 501 


'OO 1 996008 


69984 


502 


... 252004 


...126506008 


'OOI992032 


70070 


503 


25 30 09 


127263527 


'OOI988072 


70157 


504 


25 40 16 


128024064 


'OOI984I27 


. 70243 


505 


25 50 25 


128787625 


'OO 1 980 1 98 


70329 



20 



No. 


Square. 


Cube. 


Reciprocal. 


C. Log. 


506 


25 60 36 


129554316 


'00 1 97 6 285 


70415 


507 


25 JO 49 


130323843 


•001972387 


70501 


508 


... 258064 


...131 096 512 


'001968504 


70586 


509 


259081 


131 872 229 


•001964637 


70672 


510 


26 01 00 


135 651 000 


'OOI960784 


70757 


511 


... 26 II 51 


...133 432 831 


t>oi 956947 


70842 


512 


2621 44 


I34517728 


^01953125 


70927 


513 


2631 69 


135005697 


•OOI949318 


71OI2 


514 


... 26,4196 


^..135796744 


-001945525 


71096 


515 


26,5225 


136590875 


IDOI941748 


71181 


516 


26 62 56 


I3J388096 


•001937984 


71265 


517 


... 267289 


...138 188 413 


'001934236 


71349 


518 


26 83 24 


'3899^832 


•00 T 930502 


7M33 


519 


269361 


139798359 


^001926782 


71517 


520 


... 270400 


...1 40 €08 000 


.,.,..-001923077 , 


71600 


521 


27 14 41 


141 420 J6 1 


^01919386 


71684 


522 


272484 


142 236 648 


•OOI9I5709 


71767 


523 


... 273529 


...M3 055 667 


'001912046 


71850 


524 


274576 


143877824 


•001908397 


71933 


525 


275625 


144 703 125 


•00190476.2 


72016 


526 


... 276676 


...145 531 576 


'001901 141 


72099 


527 


277729 


146 363 183 


•001897533 1 


72181 


528 


27 87 84 


147 197 952 


•001893939 


72263 


529 


... 279841 


...148035889 


^001890359 


72346 


530 


28 09 00 


148 877 000 


•001886792 


72428 


531 


28 19 61 


149 721 291 


•001883239 


■72509 


532 


... 283024 


...150568768 


'001879699 ' 


72591 


533 


28 40 8p 


151 419 437 


'OOI876173 


72673 


534 


285156 


152273304 


'00 1 87 2659 


72754 


535 


... 286225 


...153 130375 


..,...•001869159 


72835 


536 


287296 


'53 990 656 


•001865672 , 


72916 


537 


288369 


154854^53 


-OOI362I97 


72997 


538 


... 289444 


...155720872 


.,,,..-001558736 


•^ 73078 


539 


290521 


156 590 819 


^001855^288 


73^59 


540 


29 1600 


157 464000 


-ooi'85i85a 


J3239 


541 


... 292681 


...158 340 421 


'001848429 ; 


733^0 


542 


293764 


159 220 088 


•00 1 8450 1 8 


73400 


543 


29 48 49 


160 103007 


•001841621 


73480 


544 


... 295936 


...160989 184 


-001838235 


73560 


545 


297025 


161 878 625 


•001834862 


73640 


546 


2981 16 


162 771 336 


•001831502 


73719 


547 


... 299209 


...163667323 


'001828154 


73799 


548 


30 03 04 


164566592 


•001824818 


73878 


549 


30 14 01 


165 469 149 


•001821494 


73957 


550 


30 25 00 


166375000 


•001818182 


74036 



21 



Na 


Square. 


Cube. 


Reciprocal. 


a Log. 


551 


30 36 01 


167 284 151 


•001814882 


74115 


552 


30 47 04 


168 196 608 


'OO1811594 


74194 


553 


... 305809 


...169 112 377 


-001808318 


74273 


554 


3069 16 


170 031 464 


•001805054 


74351 


555 


30 80 25 


170 953 875 


*oo 1801 802 


74429 


556 


... 309136 


...171 879616 


•ooi79&56i 


74507 


557 


310449 


172808693 


•001795332 


74586 


558 


31 1364 


173741112 


•©01792115 


74663 


559 


... 31 24 81 


...174676879 


-001788909 


74741 


560 


313600 


175 616000 


•001785714 


74819 


561 


31 47 21 


176 558 481 


•001782531 


74896 


5<5a 


... 315844 


...177504528 


*ooi779359 


74974 


563 


316969 


178453547 


•001776199 


75051 


564 


318096 


179406 144 


•001773050 


75128 


565 


... 319225 


...180362 125 


....«-Qoi7699i2 


75205 


566 


32 03 56 


181 321 496 


•001766784 


75282 


567 


321489 


182284263 


x>oi763668 


75358 


568 


... 32 26 24 


...183250432 


•oo 17 60563 


75435 


569 


323761 


184 220009 


•001757469 


755" 


570 


32 49 00 


185 193000 


•001754386 


75587 


571 


... 32 6041 


...186 169 411 


-001751313 


75664 


573 


327184 


187 149 248 


•001748252 


75740 


573 


32 83 29^ 


188 132 517 


•00174520X 


75815 


574 


... 329476 


...189 119 224 


'001742160 


75891 


575 


33 06 25 


190 109 375 


•001739130 


75967 


576 


331776 


191 102 976 


•001736111 


76042 


577 


... 332929 


...192 100033 


•001733102 


76118 


578 


33 40 84 


193 100 552 


•001730104 


76193 


579 


335241 


194 104 539 


•001727116 


76268 


580 


— 336400 


...195 112000 


"001724138 


76343 


581 


33 75 61 


196 122941 


^ •001721170 


76418 


582 


33 87 24 


197 137 368 


•001718213 


76492 


583 


... 33 98 89 


...198155287 


^001715266 


76567 


584 


34 10 56 


199 176704 


•001712329 


76641 


585 


34 22 25 


200 201 625 


•001709402 


76716 


686 


... 343396 


...20I 230056 


^001706485 


76790 


587 


34 45 69 


202 262003 


•001703578 


76864 


588 


34 57 44 


203297472 


•001700680 


76938 


589 


... 346921 


...204336469 


^001697793 


77012 


590 


3481 00 


205379000 


•001694915 


77085 


591 


34 92 8i 


206425071 


•001692047 


77159 


593 


... 350464 


...207474688 


•001689x89 


77232 


593 


35 16 49 


208 527 857 


•00 1 68634 1 


77305 


594 


35 28 36 


209 584 584 


•001683502 


77379 


595 


35 40 25 


210644875 


•001680672 


77452 



22 



No. 


Square. 


Cube. 


Reciprocal 


C Log. 


596 


355216 


211 708736 


•001677852 


77525 


597 


35 64 09 


212776 173 


•001675042 


77597 


59^ 


... 357604 


...213847 192 


•OO167224I 


77670 


599 


358801 


214 921 799 


'oo 1 669449 


77743 


600 


36 00 00 


216000000 


•001666667 


77815 


601 


... 36 1201 


...217 081 801 


001663894 


77887 


602 


.36 24 04 


218 167 208 


•001661 130 


77960 


603 


36 36 09 


219 256 227 


•001658375 


78032 


604 


... 3648 16 


...220348864 


'001655629 


78104 


605 


36 60 25 


221 445 125 


•001652893 


78176 


606 


367236 


222545016 


•001650165 


78247 


607 


... 368449 


...223648543 


'001647446 


78319 


608 


36 96 64 


224755712 


'OO1644737 


78390 


609 


370881 


225866529 


'OO1642036 


78462 


610 


... 37 21 00 


...226 981 000 


'001639344 


78533 


611 


373321 


228099 131 


•001636661 


78604 


612 


37 45 44 


229220928 


•001633987 


78675 


613 


••• 375769 


...230346397 


001631321 


78746 


614 


37 69 96 


231475544 


•001628664 


78817 


615 


37 82 25 


232 608 375 


•001626016 


78888 


616 


- 379456 


•.•233744896 


-001623377 


78958 


617 


38 06 89 


234885 113 


•001620746 


79029 


618 


381924 


236029032 


•001618123 


79099 


6tg 


... 38 31 61 


...237176659 


-001615509 


79^69 


620 


38 44 00 


238 328 000 


•001 6 1 2903 


79239 


621 


385641 


239483061 


•00 1 6 10306 


79309 


622 


... 386884 


...240641 848 


.•001607717 


79379 


623 


388129 


241 804 367 


•001605136 


79449 


624 


38 93 76 


242970624 


•001602564 


79518 


625 


... 390625 


...244 140625 


-001600000 


79588 


626 


391876 


245314376 


•001597444 


79657 


627 


393129 


246 491 883 


•001594896 


79727 


628 


... 394384 


...247673152 


-001592357 


79796 


629 


395641 


248858189 


•001589825 


79865 


630 


396900 


250 047 000 


•001587302 


79934 


631 


... 3981 61 


...251 239591 


-001584786 


80003 


632 


399424 


252 435 968 


•001582278 


80072 


633 


40 06 89 


253636137 


•001579779 


80140 


634 


... 40 1956 


...254840 104 


-001577287 


80209 


635 


40 32 25 


256047875 


•001574803 


80277 


636 


40 44 96 


257 259 456 


•001572327 


80346 


637 


... 405769 


...258474853 


^001569859 


80414 


638 


407044 


259694072 


•001567398 


80482 


639 


408321 


260917 119 


•001564945 


80550 


640 


40 96 00 


262 144 000 


•001562500 


80618 



23 



No. 
641 

642 

644 

645 
646 

647 

648 

649 

650 

651 
652 

^53 

654 

655 
€56 

658 

659 
660 

661 

662 

663 

664 

665 

666 

661 

668 

669 

670 

671 

672 

673 
674 

675 
676 

677 

678 

679 

680 

681 

682 

683 

684 

685 



Square. 
41 08 81 

41 21 64 
413449 

41 47 36 

41 6025 

41 73 16 

41 86 09 
419904 

42 12 01 
42 25 00 
42 38 01 

425104 

42 64 09 

4277 16 
, 42 90 25 

43 03 36 
431649 

, 43 29 64 
434281 

43 56 00 

. 436921 
438244 

43 95 69 
. 44 o^ 96 

44 22 25 
44 35 56 

. 44 48 89 

44 62 24 

447561 

► 44 89 00 
450241 

451584 

. 45 ^9 29 

454276 

45 5^ 25 
. 456976 

45 83 29 

45 9^ 84 
. 46 10 41 

46 24 00 

46 37 61 
. 46 51 24 
46 64 89 
46 78 56 
46 92 25 



Cube. 
263374721 
264 609 288 

...265847707 
267 089 984 
268336125 

...269586136 
270840023 
272097 792 

• ..273359449 
274 625 000 

275894451 
...277 167808 

278 445 077 
279726 264 



...281 
282 
283 

••.284 
286 
287 

•..288 
290 
291 

...292 
294 

295 
...296 

298 

299 

...300 

302 

303 
...304 

306 

307 
...308 

310 

311 

...313 

314 

315 

—317 
318 
320 
321 



on 375 
300416 

593 393 
890312 

191 179 

496 OOQ 
804781 
117 528 

434 247 

754 944 
079625 

408 296 

740 963 
077 632 
418309 
763000 
III 711 

464 448 
821 217 
182024 

546 875 
915776 

288733 
665 752 

046 839 

432 000 

821 241 

214568 

611 987 

013504 
419 125 



Reciprocal. 
•001560062 

•001557632 

-001555210 

•001552795 

•001550388 

-001547988 

•001545595 
•OOI5432IO 

,....•001540832 
•001538462 
•001536098 

^001533742 

•001531394 
•001529052 

-001526718 

-001524390 
•001522070 

,,,..•001519757 
-001517451 
'OOI515152 

,.,..•001512859 
•001510574 
•001508296 

,.,..•001506024 
•001503759 
^001501502 

,.,,.'001499250 
HDO 1497 006 
^001494768 

,.,,.•001492537 
HDO 14903 13 
'OOI488095 

-001485884 

•001483680 
•OOI481481 

^001479290 

•001477105 
^001474926 

^001472754 

•001470588 
•001468429 

^001466276 

•001464129 

•00 1 46 1 988 

•001459854 



I. Log. 
80686 

80754 

.80821 

80889 

80956 

.81023 

81090 

81158 

.81224 

81291 

81358 
.81425 

8149I 

81558 
.81624 

81690 

81757 
.81823 

81889 

81954 

.82020 
82086 
82151 

.82217 
82282 

82347 
.82413 

82478 

82543 
.82607 

82672 

82737 
.82802 

82866 

82930 

.82995 

83059 

83123 

.83187 

83251 
83315 
.83378 
83442 
83506 

83569 



^ 



No. 


Square. 


Cube. 


Reciprocal 


CLog. 


686 


47 05 96 


322 828 856 


•001457726 


83632 


687 


471969 


324 242 703 


•001455604 


83696 


688 


... 47 33 44 


...325660672 


-001453488 


83759 


689 


474721 


327 082769 


•OOI451379 


83822 


690 


47 61 00 


328509000 


•001449275 


83885 


691 


... 4774B1 


...329939371 


'001447178 


83948 


692 


47 88 64 


331373888 


•001445087 


840 1 1 


693 


48 02 49 


332812557 


•00 1 44300 1 


84073 


694 


... 481636 


...334255384 


'001440922 


84136 


695 


48 30 25 


335 702 375 


•001438849 


84198 


696 


48 44 16 


337 153 536 


•001436782 


84261 


697 


... 485809 


...338608873 


'001434720 


84323 


698 


48 72 04 


340 068 392 


•001432665 


84386 


699 


488601 


341532099 


•00 1 4306 1 5 


84448 


700 


... 490000 


•..343000000 


•001428571 


84510 


701 


49 14 01 


344472 lOI 


'001426534 


84572 


702 


49 28 04 


345 948 408 


•001424501 


84634 


703 


... 494209 


...347428927 


'001422475 


84696 


704 


49 56 16 


348913664 


•001420455 


84757 


705 


49 70 25 


350 402 625 


*ooi4i8440 


84819 


706 


... 498436 


...351895816 


'00T416431 


84880 


707 


49 98 49 


353393243 


•001414427 


84942 


708 


50 1264 


354894912 


•001412429 


85003 


709 


... 502681 


...356400829 


-001410437 


85065 


710 


504100 


357 911 000 


•001 40845 1 


85126 


711 


505521 


359425431 


•001406470 


85187 


712 


... 506944 


...360944 128 


"001404494 


85248 


713 


50 83 69 


362 467 097 


•001402525 


85309 


714 


50 97 96 


363 994 344 


•001400560 


85370 


715 


... 51 12 25 


...365525875 


•00T398601 


85431 


716 


512656 


367061 696 


•001396648 


85491 


717 


51 40 89 


368 601 813 


•001394700 


85552 


718 


... 515524 


...370146232 


'001392758 


85612 


719 


51 69 61 


371694959 


•00139082 1 


85673 


720 


518400 


373 248 000 


•001388889 


85733 


721 


... 51 98 41 


•••374805361 


'ooi 386963 


85794 


(722 


52 1284 


376367048 


•001385042 . 


85854 


; 723 


52 27 29 


377 933 067 


-OOI 383 1 26 


85914 


^724. 


... 524176 


—379503424 


-OOI38I2I5 


85974 


725 


525625 


381078125 


•OOI3793IO 


86034 


726 


527076 


382 657 176 


•001377410 


86094 


727 


... 528529 


...384240583 


.-001375516 


86153 


728 


529984 


385 828 352 


•001373626 


86213 


729 


531441 


387 420 489 


•00137 1742 


86273 


730 


53*«9 00 


389017000 


•001369863 


86332 



25 



Na 


Square. 


Cube. 


Reciprocal 


C Log. 


731 


534361 


390617891 


•001367989 


86392 


73a 


53 58 24 


392 223 168 


•001 366 1 20 


86451 


733 


... 537289 


...393832837 


-001364256 


86510 


734 


53 87 56 


395 446 904 


•001362398 


86570 


735 


54 03 25 


397 065 375 


•00x360544 


86629 


736 


... 54 16 96 


...398688256 


-001358696 


.;.... 86688 


737 


543169 


400315553 


•001356852 


86747 


738 


54 46 44 


401 947 272 


•00 1 3550 1 4 


86806 


739 


... 54 61 21 


...403583419 


-OOI353180 


86864 


740 


547600 


405 224000 


•00135x351 


86923 


741 


549081 


406869021 


•001349528 


86982 


742 


... 550564 


...408518488 


•001347709 


87040 


743 


55 20 49 


41017240J 


•001345895 


87099 


744 


55 35 36 


411 830 784 


•001344086 


87157 


745 


... 555025 


...413493625 


'OOI3422S2 


87216 


746 


55 65 16 


415 160 936 


•001340483 


87274 


747 


55 80 09 


416832723 


•001338688 


87332 


748 


... 559504 


...418508992 


-001336898 


87390 


749 


56 10 01 


420 189749 


•001335113 


87448 


750 


56 25 00 


421875000 


•001333333 


87506 


751 


... 564001 


...423564751 


-001331558 


87564 


752 


56 55 04 


425 259 008 


•001329787 


87622 


753 


56 70 09 


426 957 777 


•OOI32802I 


87679 


754 


... 568516 


...428661064 


^001326260 


87737 


755 


57 00 25 


430 368 875 


•001324503 


87795 


756 


57 15 36 


432081 216 


•OOI32275I 


87852 


757 


... 573049 


...433798093 


-001321004 


87910 


758 


57 45 64 


435 519 512 


-001319261 


87967 


759 


576081 


437 245 479 


•001317523 


88024 


760 


... 577600 


...438976*000 


-001315789 


88081 


761 


57 91 21 


440 711 081 


-001314060 


88138 


762 


58 06 44 


442450728 


•001312336 


88195 


763 


... 582169 


...444194947 


^001310616 


88252 


764 


58 36 96 


445 943 744 


•001308901 


88309 


765 


585225 


447697125 


•001307190 


88366 


766 


... 586756 


...449455096 


-001305483 


88423 


767 


58 82 89 


451 217 663 


•001303781 


88480 


768 


58 98 24 


452 984 832 


•001302083 


88536 


769 


... 59 13 61 


• ..454756609 


^001300390 


88593 


770 


59 29 00 


456 533 000 


•001298701 


88649 


771 


59 44 41 


458 314 on 


•001297017 


88705 


772 


... 595984 


...460099648 


'001295337 


88762 


773 


597529 


461 889917 


•001293661 


888x8 


774 


59 90 76 


463684824 


•001291990 


88874 


775 


60 06 25 


465 484 375 


•001290323 


88930 



--2 72., 13. 
a- 4 .""^ °^- 



■ I 



iaoL2BS66o 

TnD12P700I 

-001283051 

..'OOI^KCulIO 



-oc 1-77130 



■m.irT220=: 



■:r-i- cT-^c 



-^--j-Ti-a. 



' ♦-/^ 



♦ * 






. ■# 



I ^ ■ 












— — •, ^ 

*rr^>y 

■0111^2x9512 



CLog. 

88986 

89042 

....89098 
89154 

89209 
....89265 

89321 

89376 

—.89432 

89487 

89542 

—89597 
89^553 

89708 
....89763 

89818 

89873 

....89927 

89982 

90037 
....90091 

5^146 
5^200 

—90255 

90309 

90363 

- -90417 
90472 

90526 

...90580 

90^34 
90687 

—90741 

90795 
90849 

90902 

90956 

91009 

91062 

9III6 

91 169 

. 91222 

9"75 
91328 

91381 



27 



No. 


Square. 


Cube. 


Reciprocal 


CLog. 


821 


- 67 40 41 


553387661 


*ooi 218027 


91434 


823 


67 56 84 


555412248 


•001 2 1 6545 


91487 


823 


... 677329 


•.•557441767 


•OOI215067 


91540 


824 


67 89 76 


559476224 


-001 2 1 3592 


91593 


825 


68 06 25 


561 515 625 


'OOI2I2I21 


9^645 


826 


... 682276 


•••563559976 


'001210654 


91698 


827 


68 39 29 


565 609 283 


'001209190 


9175^ 


828 


68 55 84 


567 663 552 


•001207729 


91803 


829 


... 687241 


...569722789 


-001206273 


91855 


830 


688900 


571787000 


*OOI2048l9 


91908 


831 


690561 


573 856 191 


•001203369 


91960 


832 


... 6922 24 


.-575930368 


'001201923 


92012 


833 


69 38 89 


578009537 


*oo 1 200480 


92065 


834 


69 55 56 


580 093 704 


'00119904 1 


92117 


835 


... 6972 25 


...582182875 


'OOII97605 


92169 


836 


6g 88 96 


584 277 056 


•OOII96172 


92221 


837 


70 05 69 


586 376 253 


•001 194743 


92273 


838 


... 7022 44 


...588480472 


•OOII93317 


92324 


839 


703921 


590589719 


'001191895 


92376 


840 


70 56 00 


592 704 000 


•001190476 


92428 


841 


... 707281 


...594823321 


'001189061 


92480 


842 


708964 


596 947 688 


•001 187648 


92531 


843 


7 1 06 49 


599077107 


'001186240 


92583 


844 


... 712336 


...601 211 584 


'001184834 


92634 


845 


714025 


603351125 


'oo 1 183432 


92686 


846 


7157 16 


605 495 736 


•001 182033 


92737 


847 


... 717409 


...607645423 


'001180638 


92788 


848 


71 91 04 


609800 192 


'001 179245 


92840 


849 


720801 


611 960049 


•001 177856 


92891 


850 


... 722500 


...614 125000 


'OOII7647I 


92942 


851 


724201 


616295051 


'001175088 


92993 


852 


725904 


618 470 208 


•001173709 


93044 


853 


... 727609 


...620650477 


'001172333 


93095 


854 


729316 


622835864 


•001170960 


93M6 


855 


731025 


625026375 


'ooi 169591 


93197 


856 


— 732736 


...627 222016 


'001168224 


93247 


857 


7344 49 


629422793 


'OOI 166861 


93298 


858 


736164 


631 628712 


'OOI 165501 


93349 


859 


... 737881 


-633839779 


'001164144 


93399 


860 


739600 


636 056 000 


•001162791 


93450 


861 


74 13 21 


638 277 381 


•001161440 


93500 


863 


... 743044 


...640503928 


^001160093 


93551 


863 


744769 


642 735 647 


'OOI 158749 


93601 


864 


746496 


644972544 


•001157407 


93651 


865 


1 748225 


647214625 


•001156069 


93702 



26 



No. 


Square. 


Cube. 


ReciprocaL 


CLog. 


776 


6021 76 


467 288 576 


'001288660 


88986 


777 


60 37 29 


469 097 433 


•001287001 


89042 


778 


... 605284 


...470910952 


-001285347 


89098 


779 


606841 


472729139 


•001283697 


89154 


780 


60 84 00 


474 552 000 


•001282051 


89209 


781 


... 609961 


...476379541 


^001280410 


89265 


782 


61 15 24 


478 211 768 


•001278772 


89321 


783 


613089 


480 048 687 


•001277139 


89376 


784 


... 614656 


...481890304 


'001275510 


89432 


785 


61 62 25 


483736625 


•001273885" 


89487 


786 


61 77 96 


485 587 656 


•001272265 


89542 


787 


... 619369 


...487443403 


'001270648 


89597 


788 


62 09 44 


489303872 


•001269036 


89653 


789 


622521 


491 169069 


•001267427 


89708 


790 


... 624100 


...493039000 


^001265823 


89763 


791 


625681 


494913671 


•001264223 


89818 


792 


627264 


496793088 


'001262626 


89873 


793 


...628849 


...498677257 


^001261034 


89927 


794 


63 04 36 


500566 184 


'ooi 259446 


89982 


795 


63 20 25 


502 459 875 


•001257862 


90037 


796 


... 633616 


...504358336 


'001256281 


90091 


797 


63 52 09 


506 261 573 


'OOI254705 


90146 


798 


63 68 04 


508 169592 


•00 1 253 1 33 


90200 


799 


... 638401 


...510082399 


001251564 


90255 


800 


640000 


512000000 


•001250000 


90309 


801 


64 1601 


513922401 


•001248439 


90363 


802 


... 643204 


...515.849608 


•001246883 


90417 


803 


64 48 09 


517781627 


•001245330 


90472 


804 


64 64 16 


519718464 


'OOI 24378 1 


90526 


805 


... 648025 


...521 660 125 


'OOI242236 


90580 


806 


64 96.36 


523666616 


'OOI 240695 


90634 


807 


65 1249 


525 557 943 


•001239157 


90687 


808 


... 65 28 64 


...527514112 


'001237624 


90741 


809 


654481 


529475129 


•001236094 


90795 


810 


65 61 00 


531 441 000 


•001234568 


90849 


8ti 


... 6577 21 


—533 411 731 


-001233046 


90902 


812 


65 93 44 


535 387 328 


•001231527 


90956 


813 


66 09 69 


537 367 797 


•001230012 


91009 


814 


... 662596 


—539353144 


'OOI228501 


91062 


815 


66 42 25 


541343375 


•001226994 


9II16 


816 


66 58 56 


543 338 496 


' •OOI 225490 


91169 


817 


... 667489 


—545338513 


'001223990 


91222 


818 


66 91 24 


547 343 432 


•001222494 


9^275 


819 


67 07 6i 


549 353 259 


'OOI22100I 


91328 


820 


67 24 00 


551368000 


'OOI2I9512 


91381 



27 



No. 


Square. 


Cube. 


ReciprocaL 


C. Log. 


821 


67 40 41 


553387661 


'OOI218027 


9M34 


822 


67 56 84 


555412248 


•OOI216545 


91487 


823 


... 677329 


..•557441767 


-001215067 


91540 


824 


678976 


559476224 


•OOI213592 


91593 


825 


68 06 25 


561515625 


'OOI2I2I2I 


9^645 


826 


... 68 2276 


'"5^3 559 91^ 


'001210654 


91698 


827 


68 39 29 


565 609 283 


'001209190 


9175^ 


828 


68 55 84 


567 663 552 


•001207729 


9^803 


829 


... 68 7241 


...569722789 


'001206273 


91855 


830 


68 89 00 


571 787000 


'OOI204819 


91908 


831 


69 05 61 


573 856 191 


•001203369 


91960 


832 


... 69 22 24 


.-575930368 


•OOI2OI923 


92012 


833 


69 38 89 


578009537 


•001200480 


92065 


834 


69 55 56 


580 093 704 


•00 1 1 9904 1 


92117 


835 


... 697225 


...582182875 


'001197605 


92169 


836 


69 88 g6 


584 277 056 


•OOII96172 


92221 


837 


70 05 69 


586376253 


\)oi 194743 


92273 


838 


... 702244 


...588480472 


•OOII93317 


92324 


839 


703921 


590589719 


•OOII91895 


92376 


840 


70 56 00 


592704000 


•001 190476 


92428 


841 


... 707281 


...594823321 


•OOII89061 


92480 


842 


708964 


596 947 688 


•001 187648 


92531 


843 


710649 


599077107 


•001 186240 


92583 


844 


... 712336 


...601 211 584 


-001184834 


92634 


845 


714025 


603 351 125 


•001 183432 


92686 


846 


7157 16 


605 495 736 


'ooi 182033 


92737 


847 


... 717409 


...607645423 


'001180638 


92788 


848 


71 91 04 


609800 192 


•OOI 179245 


92840 


849 


720801 


611 960049 


•OOT 177856 


92891 


850 


... 722500 


...614 125000 


•OOII7647I 


92942 


851 


724201 


616 295 051 


•OOI 175088 


92993 


852 


725904 


618470208 


•001173709 


93044 


853 


... 727609 


...620650477 


-00x172333 


93095 


854 


729316 


622835864 


•OOI 170960 


93 h6 


855 


731025 


625026375 


•OOII6959I 


93197 


856 


- 732736 


...627 222016 


-001168224 


93247 


857 


7344 49 


629422793 


•OOI 1 6686 1 


93298 


858 


736164 


631 628712 


•OOI 1 6550 1 


93349 


859 


... 737881 


-633839779 


'001164144 


93399 


860 


739600 


636 056 000 


•001162791 


93450 


861 


741321 


638 277 381 


•001161440 


93500 


862 


... 743044 


...640503 928 


^001160093 


93551 


863 


744769 


642 735 647 


•00 1 1 587 49 


93601 


864 


746496 


644972544 


•OOI 157407 


93651 


865 


748225 


647214625 


•OOI 156069 


93702 
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No. 


Square.' 


Cube. 


Reciprocal 


C Log. 


866 


749956 


649461 2g6 


•001 154734 


93752 


867 


751689 


651 714 363 


•001153403 


93802 


868 


...753424 


...653972032 


'001152074 


-93852 


869 


75 51 61 


656 234 909 


•GO 1 150748 


93902 


870 


756900 


658 503 000 


•001 149425 


93952 


871 


... 758641 


...660776311 


'001148106 


94002 


872 


760384 


663 054 848 


•001 146789 


94052 


873 


76 21 29 


665338617 


•001 145475 


94IOI 


874 


... 76387^5 


...667627624 


•OOII44165 


94I5I 


875 


765625 


669921 875 


•001 142857 


94201 


876 


767376 


672 22T 376 


'00114155a 


94250 


877 


... 769129 


...674526133 


'001140251 


94300 


878 


77 08 84 


676836152 


•001 138952 


94349 


879 


772641 


679 151 439 


•001 137655 


94399 


880 


... 774400 


...681 472000 


•OOII36364 


94448 


88i 


7761 61 


683797841 


•001 135074 


94498 


882 


777924 


686128968 


•001 133787 


94547 


883 


... 779689 


...688465387 


-001132503 


9459^ 


884 


781456 


690807 104 


'OOII3I222 


94645 


885 


783225 


693 154 125 


'ooi 129944 


94694 


886 


... 784996 


...695506456 


•OOII28668 


94743 


887 


78 67 69 


697 864 103 


'OOI 127396 


94792 


888 


78 85 44 


700227 072 


•OOII26I26 


94841 


889 


... 790321 


...702595369 


•OOII24859 


94890 


890 


79 21 00 


704 969 000 


•OOI 123596 


94939 


891 


793881 


707347971 


•OOII22334 


94988 


892 


... 795664 


...709732 288 


"001121076 


95036 


893 


79 74 49 


712 121 957 


'OOI 1 1 982 1 


- 95085 


894 


799236 


714516984 


'OOI 1 18568 


95134 


895 


... 80 1025 


-716917375 


-001117318 


95182 


896 


80 28 16 


719323 136 


•001116071 


9523^ 


897 


80 46 09 


721734273 


•OOI 1 14827 


95279 


898 


... 806404 


...724 150792 


001113586 


95328 


899 


808201 


726572699 


•ooii 12347 


95376 


900 


81 0000 


729000000 


•OOIIIIIII 


95424 


901 


... 81 18 01 


...731 432 701 


-QOII09878 


95472 


902 


81 3604 


733870808 


•OOI 108647 


95521 


903 


815409 


736314327 


•OOI 107420 


95569 


904 


... 8172 16 


—738763264 


•001106195 


95617 


90s 


81 90 25 


741217625 


-001104972 


95665 


906 


82 08 36 


743677416 


•OOI 103753 


95713 


907 


... 82 2649 


...746142643 


^001102536 


95761 


908 


82 44 64 


748 613 312 


•OOIIOI322 


. 95809 


909 


826281 


751 089 429 


•OOI 100 1 10 


95856 


910 


82 81 00 


753571000 


•OOI09890I 


95904 
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No. 


Square. 


911 


829921 


912 


^3 «7 44 


913 


... 833569 


914 


835396 


915 


^.3 7^ 25 


916 


... 839056 


917 


84 08 89 


918 


84 27 24 


919 


... 8445^1 


920 


84 64 00 


921 


848241 


922 


... 85 0084 


923 


851929 


924 


85 37 76 


925 


^.. 855625 


926 


857476 


927 


85 93 29 


928 


... 86 II 84 


929 


86 30 41 


930 


S6 49 00 


931 


...866761 


93a 


S6 86 24 


933 


^87 04 89 


934 


... 87 23 56 


935 


^7 42 25 


936 


•87 60 g6 


937 


... 87 7969 


938 


87 98 44 


939 


88 17 21 


940 ' 


... 883600 


941 


885481 


942 


88 73 64 


943 


... "8892 49 


944 


89 II 36 


945 


•89 30 25 


946 


... 89 49 16 


947 


Sg 68 09 


948' 


89 87 04 


949 


... 900601 


950 


90 25 00 


95T^ 


90 44 01 


952 


... 90 63 04 


953 


908209 


954 


9101 16 


955 


91 2025 



Ciibe. 

75<5o58o3i 

758 550 528 
...761 048497 

763551944 
766060875 

..•768575296 

771 095 213 

773620632 

.-776151559 
778688000 

781 229 961 

...783777448 
786 330 467 , 
788889024 

...791 453 125 
79402^776 

796 597 983 

...799178752 

801 765 089 

804.357000 
.,.806954491 

^09 557 568 
812 166237 

...814780504 
817400375 
820 025 856 

...822656953 
825293672 
827 936019 

...830584000 
833237 621 
835896888 

...'838561807 
•84123^384 
843 908 625 

...846590536 
•849 278 123 

^51971392 
...854670349 

857375000 

860085351 

...862^01 408 

^65523177 

868 250664 

870983875 



Reciprocal. 
•001097695 

'OOIO9649I 

..,.•001095290 

x)o 1094092 

•001092896 

.... '001091703 

X>0I0905I3 

•001089325 

.... '001088139 

x)oio86957 
•001085776 

,...•001084599 
•001083424 
•001082251 

.... '001081081 
•00107 9914 
•001078749 

.,..•001077586 
"001076426 
^^01075269 

....•001074114 
•001072961 
•00107 181 1 

....•001070664 
•001069519 
•001068376 

....•001067236 
•001066098 

V50 1 064963 

..,.X)o 1063 830 
^^01062699 
"^0106x571 

.,..•001060445 
•001059322 
•OOT05820I 

....•001057082 
•001055966 
•001054852 

....•001053741 

•001052632 

•OOI05I525 

....•001050420 
•00 1 0493 1 8 
•0010482 1 8 
•001047 1 20 



CLog. 

95952 

95999 
..96047 

96095 

96142 

..96190 
96237 
96284 

..96332 

96379 
96426 

..96473 
96520 

96567 
..96614 

g666i 

96708 

"9^755 

96802 

96848 

96942 
96988 

.97035 

97081 

97128 

•.97174 
97220 

97267 

.97313 
97359 
97405 

..97451 

97497 

97543 
..97589 

97635 
97681 

..97727 

97772 
97818 

..97864 
97909 

97955 
98000 
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No. 


Square. 


Cube. 


Reciprocal. 


C. Log. 




95^ 


913936 


873722816 


•001046025 


98046 




957 


915849 


876467493 


•001044932 


98091 




^8 


... 917764 


...879 317 912 


'001043841 


98137 




959 


91 9681 


881 974079 


•001042753 


98182 




960 


92 1600 


884736000 


•00 1 04 1 667 


98227 




961 


-. 923521 


...887503681 


'001040583 


98272 




962 


92 54 44 


890277 128 


•OOIO3950I 


98318 




963 


92 73 69 


893 056 347 


•001038422 


98363 




964 


... 929296 


...895841344 


.......001037344 


98408 




9^5 


93 1225 


898632 125 


•001036269 


98453 




g66 


933156 


901 428 696 


•00 1 035 1 97 


98498 




967 


... 939089 


...904231063 


•OOIO34126 


98543 




968 


93 70 24 


907 039 232 


•001033058 


98588 




969 


938961 


909 853 209 


•001031992 


98632 




970 


... 940900 


...912673000 


'001030928 


98677 




971 


94 28 41 


915 498 611 


•001029866 


98722 




972 


94 47 84 


918330048 


•001028807 


98767 




973 


... 94 67 29 


...921 167 317 


'001027749 


988II 




974 


948676 


924010424 


•001026694 


98856 


1 


975 


95 06 25 


926 859 375 


•001025641 


98900 




976 


... 952576 


...929714 176 


^001024590 


98945 




977 


95 45 29 


932 574 833 


•OOIO2354I 


98989 




978 


95 64 84 


935441352 


•001022495 


99034 




979 


... 958441 


...9383^3739 


•OOIO2I450 


99078 




980 


g6 04 00 


941 192000 


'oo 1 020408 


99123 




981 


g6 2361 


944 076 141 


•00 10 1 9368 


99167 




982 


... 964324 


...946 966 168 


•001018330 


99211 




9B3 


g6 62 89 


949 862 087 


•OOIOI7294 


99255 




984 


g6 82 56 


952 763 904 


•001016260 


99300 




9^5 


... 97 02 25 


...955671625 


•OOIOI5228 


99344 




986 


97 21 96 


958 585 256 


•OOIOI4I99 


99388 




987 


97 41 69 


961504803 


•OOIOI317I 


99432 




988 


... 97 61 44 


...964430272 


•OOIOI2I46 


99476 




989 


97 81 21 


967 361 669 


•OOI01II22 


99520 




990 


98 01 00 


970 299 000 


•OOIOIOIOI 


99564 




991 


... 98 2081 


...973242271 


'001009082 


99607 


* 


992 


98 40 64 


976 191 488 


•001008065 


99651 




993 


98 60 49 


979146657 


•001007049 


99695 




994 


... 988036 


...982 107 784 


•OO 1006036 


99739 




995 


99 00 25 


985074875 


•001005025 


99782 




996 


99 20 16 


988 047 936 


•00 1 0040 1 6 


99826- 




997 


... 99 4009 


...991 026973 


'OOI003009 


99870 




998 


99 6004 


994 on 992 


'OO 1002004 


99913 




999 


99 8001 


997 002 999 


•ooiooiooi 


99957 




1000 


...100 0000 


...1000 000 000 


'OOIOOOOOO 


00000 





ol 



Table 1 a. — ^Appboxihate Squabb and Cube Boots and 
Becipbooals of Fbime Numbebs fbom 2 TO 97. 



No. 



Square Root. 
1-4142136 



Cube Root. 
1*3599210 

3 1-7320508 1-4422496 

5 2-2360680 17099759 

7 2-6457513 1-9129312 

II 3*3166248 2*2239801 

13 3"^o555i3 2'35i3347 

17 4*1231056 2*5712816 

19 4*3588989 2*6684016 

23 47958315 2*8438670 

29 5*3851^48 30723168 

31 S'5^17^44 3-1413806 

37 6*0827625 3*3322218 

41 6*4031242 3*4482172 

43 65574385 3*5033981 

47 68556546 3*6088261 




53 

59 
61 

71 



7*2801099 37562858 

76811457 3*8929965 

7*8102497 3*9364972 

8*1853528 4*0615480 

8*4261498 4*1408178 



73 85440037 41793392 

79 8*8881944 4*2908404 

83 • 9*1 104336 4*3620707 

89 9*4339811 4*4647451 

93 96436508 4*5306549 

97 9-8488578 4*5947009 



Reciprocal. 
0*500000000 

•333333333 

•200000000 

^42857143 
•090909091 

•076923077 

•058823529 

•052631579 

-043478261 

•034482759 

•032258065 

•027027027 

•024390244 
•023255814 

•021276600 

•018867925 

•O16949153 

•016393443 

•014925373 

•014084507 

•013698630 

•012658228 

•01 2048 1 93 

•OII235955 
•010752688 

•010309278 
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TABUB or SQUABSS ABD FIFTH POWXB& 





Sqnaxcu 






flqaart. 


FiflJi Power. 


lO 


100 


X 06000 J 


55 


3025 


5032 84375 


IX 


121 ! 


X 61051 


56 


3^36 


5507 31776 


12 


'44 , 


a 48832 


57 


3249 


6016 92057 


13 


I 69 


371293 


58 


3364 


6563 56768 


M 


X g6 


s 37824 


59 


3481 


714924299 


15 


a 25 : 


7 59375 


60 


3600 


7776 00000 


x6 


256 


xo 48576 


6k 


3721 


8445 96301 


17 


289 


14 19857 


62 


3844 


9161 32832 


18 


324 


x8 89568 


63 


3969 


9924 36543 


19 


361 


24 76099 < 


64 


4096 


10737 41824 


20 


400 


32 00000 


65 


4225 


1 1602 90625 


21 


441 


40 84101 


66 


4356 


X2523 32576 


22 


484 


51 53632 


67 


4489 


I3501 25107 


»3 


529 


64 36343 


68 


4624 


M539 33568 


24 


576 


79 62624 


69 


4761 


15640 31349 


25 


€25 


976562s 


70 


4900 


16807 00000 


26 


676 


K 18 8x376 


fi 


5041 


18042 29351 


2J 


729 


X43 48907 


72 


5184 


19349 17632 


28 


J 84 


172 10368 


73 


5329 


2073071593 


29 , 


«4i 


205 II 149 


74 


5476 


2219006624 


30 


900 


243 00000 


75 


5625 


23730 46875 


31 


961 


286 i29i5i 


76 


5776 


25355 25376 


32 


1024 


335 54432 


77 


5929 


27067 84157 


33 , 


1089 


39« 35393 


78 


6084 


28871 74368 


34 


XI 56 


454 35424 


79 , 


62 4K 


30770 56399 


35 


1225 


52521875 


80 


6400 


32768 00000 


36 


12 g6 


604 66176 


8k 


6561 


34867 84401 


37 


1369 


693 43957 


82 


6724 


37073 98439 


38 


1444 


792 35168 


83 


6889 


39390 40643 


39 


15 21 


902 24199 


84 


7056 


4182K 19424 


^® i 


1600 


1024 00000 


85 


7225 


4437053125 


41 ' 


16 81 


1158 56201 


86 


7396 


47042 70176 


42 


1764 


1306 91232 


87 


7569 


49842 09207 


43 


1849 


1470 08443 


88 


77 44 


52773 19168 


44 


1936 


1649 16224 


89 


7921 


55840 59449 


45 


2025 


1845 28125 


90 


8100 


59049 00000 


46 


-21 16 


2059 62976 


91 


8281 


62403 21451 


47 


22 09 


2293 45007 


92 


8464 


65908 15232 


48 


2304 


2548 03968 


93 


8649 


69568 83693 


49 


2401 


2824 75249 


94 


8836 


73390 40224 


50 i 


«5oo 


3125 00000 


95 


9025 


77378 09375 


51^ 


2601 , 


3450 25251 


96 


92 16 


81537 26976 


52 


2704 


3802 04032 


91 


9409 


85873 40257 


53 


28 09 


4181 95493 


98 


9604 


90392 07968 


, 54 ; 


29 16 


4591 65024 


99 


9801 


95099 00499 
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Table 2 a.— Pbime Factors of Numbers up to 25G. 

(Numbers without Factors are themselves Prime.) 



2 




42 = 


= 2-3-7 


82 : 


= 2*41 


3 




43 




83 




4 = 


= 22 


44 


22-11 


84 


22-3.7 


5 




45 


3^5 


85 


517 


6 


2*3 


46 


223 


86 


243 


7 




47 




87 


329 


8 


2« 


48 


2*3 


88 


2*11 


9 


3^ 


49 


7* 


89 




lO 


2-5 


50 


252 


90 


2-3^-5 


II 




51 


317 


91 


7*^3 


12 


22.3 


52 


22.13 


92 


22-23 


13 


► 


53 




93 


3*31 


14 


2-7 


54 


2-3* 


94 


2-47 


15 


3*5 


55 


5" 


9S 


519 


i6 


2* 


56 


28.7 


96 


28.3 


17 




57 


319 


97 




i8 


232 


58 


2*29 


98 


2-72 


19 




59 




99 


32-11 


20 


22-5 


60 


22*3 5 


100 


22-52 


21 


37 


61 




lOI 




22 


2-II 


62 


2-31 


102 


2-3-17 


23 




63 


3^7 


103 




24 


2S.3 


64 


2« 


104 


2»I3 


25 


5^ 


^5 


513 


105 


3 57 


26 


213 


66 


2'3-II 


106 


2*53 


27 


3» 


67 




107 




28 


28-7 


68 


22-17 


108 


22-^3 


29 




69 


323 


109 




30 


2-3-5 


70 


2-57 


no 


2-5-11 


31 




71 




III 


337 


32 


25 


72 


^^*rA 


112 


2*7 


33 


311 


73 




"3 




34 


2*17 


74 


237 


114 


2-3r9 


35 


57 


75 


3-5^ 


"5 


5*23 


36 


22.32 


76 


22-19 


116 


22-29 


37 




77 


7-II 


117 


3*1 3 


38 


2*19 


78 


2-313 


118 


2-59 


39 


313 


79 




119 


7-17 


40 


2»-5 


80 


2*5 


120 


2*3 5 


41 




81 


3* 


121 


1X2 



A 



Zi 



NUMBERS AND FIQUEES. 



122 = 


= 2'6l 


167 




212 = 


= 22-53 


123 


3*41 


168 = 


= 23.3.7 


213 


371 


124 


22-31 


169 


13^ 


214 


2*107 


125 


5^ 


170 


2*517 


215 


5*43 


126 


2 •32-7. 


171 


32.19 


216 


28.33 


127 




172 


22.43 


217 


7-31 


128 


27 


173 




218 


2-109 


129 


3*43 


174 


2*3.29 


219 


373 


130 


2-5I3 


175 


5^7 


220 


22.5-11 


131 . 




176 


2^*11 


221 


1317 


132 


22-3II 


177 


3 59 


222 


2*3*37 


133 


719 


178 


2-89 


223 




134 


2-67 


179 




224 


2^-7 


135 


3^-5 


180 


22.32.5 


225 


3^-5^ 


136 


23.17 


181 




226 


2*113 


137 




182 


27-13 


227 




138 


2-3-23 


183 


3-61 


228 • 


22.3-19 


139 




184 


23.23 


229 


« 


140 


22.5.7 


185 


537 


230 


2-5-23 


141 


3*47 


186 


23.31 


231 


37-11 


142 


2-71 


187 


11-17 


232 


28-29 


Tt43 


1113 


188 


22-47 


233 




144 


24.32 


189 


3«-7 


234 


2.32.13 


145 


5-29 


190 


2-5-19 


235 


5-47 


146 


273 


191 




236 


22-59 


147 


3-7' 


192 


26.3 


237 


379 


148 


22.37 


193 




238 


2*7-17 


149 




194 


2-97 


239 




150 


2'3*5^ 


195 


5-3I3 


240 


2**3'5 


15^ 




196 


2272 


241 




152 


23-19 


197 




242 


2-Il2 


153 


3^17 


198 


2-32-11 


243 


3' 


154 


2*7-ii 


199 




244 


22-61 


^55 


531 


200 


2S.52 


245 


57' 


156 


22.3 13 


201 


3-67 


246 


2*3*41 


157 


, 


202 


2-I0I 


247 


13-19 


158 


2*79 


203 


7-29 


248 


23-391 


159 


353 


204 


22.317 


249 


383 


160 


25-5 


205 


5-41 


250 


2-53 


161 


723 


206 


2-103 


251 




162 


2*3* 


207 


3^23 


252 


22.32.7 


163 




208 


2*13 


253 


11-23 


164 


22-41 


209 


11-19 


254 


2-127 


165 


3'5" 


210 


2-3'57 


255 


3-5-17 


166 


2-83 


211 




256 


2®* 
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Tables 3 and 3 a— Hyperbolic, Napebiax, or 
IN'atural Logarithms. 

1. Table 3 gives the hyperbolic logarithms of integer numbers 
from 1 to 100. To find the hyperbolic logarithm of an integer 
number consisting of not more than two significant figures followed 
by noughts; take the hyperbolic logarithm corresponding to the 
significant figures, and add to it the product of the hyperbolic 
logarithm of 10 by the number of noughts (this may be found by 
the aid of the second column of Table 3 a). For example, to find 
the hyperbolic logarithm of 3700; 

Hyp. log. 37, 3-61092 

2 X Hyp. log. 10, 4-60517 

Hyp. log. 3700, 8-2f609 

Note. — Multiples of the hyperbolic logarithm of 10 may be taken 
from the second column of Table 3 A. 

2. The hyperbolic logarithm of the product of two numbers is 
the sum of their hyperbolic logarithms. For example, 

Hyp. log. 74, 4-30407 

Hyp. log. 50, 3-91202 

Hyp. log. 3700, 8-21609 

3. To find the hyperbolic logarithm of a decimal fraction contain- 
ing not more than two significant figures ; take from the table the 
hyperbolic logarithm corresponding to those figures, and take the 
difference between it and as many times the hyperbolic logarithm 
of 10 as there are places of decimals. That difference will be the 
required logarithm, and will be positive or negative according as 
the fraction is greater or less than 1. For example. 

Hyp. log. 37, 3-61092 

Hyp. log. 10, 2-30259 

Hyp. log. 3-7, + 1-30833 

Hyp. log. 37, 3-61092 

3 X Hyp. log. 10, 6-90776 

Hyp. log. 0-037, - 3-29684 

In such examples as the last, the fractional as well as the integral 
part of the hyperbolic logarithm is negative. 

4. Examples of the use of Table 3 a. 

I. To find the hyperbolic logarithm of 377 from its common 
logarithm; 
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2*57634^ common logarithmu 

2- 4-605170 

5 M51293 

7 161181 

6 13816 

3 691 

4 92 

Sim, 5-932243 

The required hjperbolic logarithm is thus found to be 5*93224, 
correct to five places of decimals; the sixth being rejected as liable 
to error. 

IL To find the common logarithm corresponding to the hyper- 
bolic logarithm 5-93224; 

5- 2171472 

9 390865 

3 13029 

2 869 

2 87 

4 17 

2-576339 

from which, rejecting the last place of figures as liable to error^ the 
required common logarithm is found to be 2-57634. 

5. To calculate the hyperbolic logarithm of the ratio of two 
numbers without logarithmic tables; divide the difference of the 
numbers by their sum ; then add together twice the quotient, two- 
thirds of its cube, two-fifbhs of its fifth power, two-sevenths of its 
seventh power, and so on, until the required degree of accuracy has 
been attained; the result of the summation will be the required 
hyperbolic logarithm. 

377 
Example. — Required the hyperbolic logarithm of ^=j:. 

Difference 7 

^ ^j^ = '0093708 quotient, correct to the seventh place 

of decimals. 

Quotient, -0093708 x 2 = -0187416 

Cube, -0000009 X^ = -0000006 

o 

377 
Hyp. log. of Kf^ correct to the seventh place of decimals, 0187^22 

Note. — This process may be used in finding hyperbolic log- 
arithms of numbers not in the table. For example, to find the 
hyperbolic logarithm of 377, we have 
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hyp. log. 370, 5-91350 

377 
Hyp. log. n=T^, already calculated, 001874 

Hyp. log. 377, 5-93224 

6. To find the cmtUogarUhm (or natui*al number) corresponding 
to a given positive hyperbolic logarithm by calculation, without 
using logarithmic tables ; take the sum of the following series, to as 
many terms as may be necessary in order to give the required 
degree of accuracy; 

First term = 1. 

Second term = The given hyp. log. 

Third term = second terra X —^ — —; 

Fourth term = third tena x ei52J^lJ££- ; 

Fifth term = fourth term X ill^^JZE^-; 

and so on. 

The accuracy of this process is the greater the smaller the given 
hyperbolic logarithm. 

Example. — To calculate the hyperbolic antilogarithm of 1 '(in 
other words, the number whose hyperbolic logarithm is 1) to 
seven places of decimals; 

Ist term, 1-0000000 

2d „ 1-0000000 

3d „ = 2d X i 0-5000000 

4th „ = 3d X i 01 666667 

5th „ = 4th X i 0-0416667 

6th „ = 5th X i 00083333 

7th „ = 6th X t 0-0013889 

8th „ = 7th X f 00001984 

9th „ = 8th X i 0000248 

10th „ = 9th X i 0-0000027 

11th „ = 10th X A 0-0000003 

Hyperbolic antilogarithm of 1 » 27182818 

This number is called the hose of the I^apericm Logarithms, and 
denoted in algebra by the symbol « or ed 
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Table 3.— Hypebboltc LooABiTHMa 



No. 


Hyp; Log. 


Na 


Hyp- Log. 


Na 


Hyp. Log. 


N<x 


Hyp. Log. 


I 


O'OOOOO 


26 


3-25810 


51 


3-93183 


76 


4-33073 


2 


0-69315 


27 


329584 


52 


3*95^24 


77 


4-34381 


3 


1-09861 


28 


3*33220 


53 


3-97029 


78 


4-35671 


4 


1-38629 


29 


3*36730 


54 


3-98898 


79 


4-36945 


5 


1*60944 


30 


3-40120 


56 


4-00733 


80 


4-38203 


6 


I79176 


31 


3*43399 


56 


402535 


81 


4-39445 


7 


1-94591 


32 


346574 


57 


404305 


82 


4-40672 


8 


207944 


33 


3*49651 


58 


4-06044 


83 


4-41884 


9 


2-19722 


34 


352636 


59 


4-07754 


84 


4-43082 


lO 


230259 


35 


3*55535 • 


60 


4-09434 


85 


4-44265 


II 


239790 


36 


358352 


61 


4-11087 


86 


4-45435 


12 


2-48491 


37 


3-61092 


62 


4-12713 


87 


4-46591 


13 


256495 


38 


363759 


63 


4-14313 


88 


4-47734 


14 


2-63906 


39 


3*66356 


64 


4-15888 


89 


4-48864 


15 


2*70805 


40 


3-68888 


65 


4-17439 


90 


4-49981 


i6 


277259 


41 


3*71357 


66 


4-18965 


91 


4-51086 


17 


2-83321 


42 


3*73767 


67 


4-20469 


92 


4-52179 


i8 


2-89037 


43 


3-76120 


68 


4-2I95I 


93 


4-53260 


19 


2-94444 


44 


3*78419 


69 


4-23411 


94 


4-54329 


20 


2*99573 


45 


3-80666 


70 


4-24850 


95 


4-55388 


21 


3*04453 


46 


3-82864 


71 


4-26268 


96 


4-56435 


22 


3-09104 


47 


3*85015 


72 


4-27667 


97 


4-57471 


23 


313549 


48 


387120 


73 


4*29046 


98 


4-58497 


24 


3-17805 


49 


3-89182 


74 


4-30407 


99 


4-59512 


25 


3-21888 


50 


391202 


75 


4-31749 


100 


4-60517 



Hyp. log. 10, correct to eight places of decimals, = 2*30258509. 



Table 3 a. — ^IVIultipliees for Convebtino LooARiTHMa. 



Common Into Hyper1}oU& 


Hyperbolic into Ocnunon. 


I 2*302585 


0-434294 I 


2 4-605170 


0-868589 2 


3 6907755 


1*302883 3 


4 9-210340 


1-737178 4 


5 11-512925 


2171472 5 


6 13-815510 


2605767 6 


7 16-118096 


3-040061 7 


8 18-420681 


3*474356 8 


9 20-723266 


3-908650 9 


10 23-025851 


4*342945 10 
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SD 



1 

Table 4. — Multipliers fob 


THE Conversion of Cibcular 






Lengths 


AND Abeas. 








a.— drcnmferenceB 


H^Dlameters 


0.— Circnmferenoet 


1 D.— Badins-Lengths 




into 


into 


into 


into 






Diameters. 


Circumferences. 


BadiuB-Lengths. 


Circmnferences 


■ 


I 


31416 


0*31831 


6-2832 


0-159x6 


I 


2 


6-2832 


0*63662 


12-5664 


0-3x831 


2 


3 


9-4248 


095493 


188496 


0-47747 


3 


4 


12-5664 


1*27324 


251327 


0*63662 


4 


5 


15-7080 


1-59155 


31*4159 


0*79578 


5 


6 


18-8496 


1*90986 


37-6991 


0-95493 


6 


7 


2I-991I 


2*22817 


43-9823 


1*1x409 


7 


8 


251327 


2*54648 


50-2655 


1*27324 


8 


9 


28-2743 


2-86479 


56-5487 


I •43-240 


9 


lo 


31-4159 


3*183x0 


62*8319 


1-591^55 


10 




E.>-GiTcalAr Atom F.^^oare Areas 


G.— Degrees 


H^Badlos-Lengtha 






into 


into 


into 


into 






Square Areaa 


CirotOar Areas. 


BadiuB-Lengths. 


Degrees. 




I 


0-7854 


1*2732 


0-0174533 


572958 


I 


2 


1-5708 


25465 


0-0349066 


1x4*5916 


2 


3 


23562 


3-8197 


00523599 


171*8873 


3 


4 


3-1416 


50930 


0-0698132 


229*1831 


4 


5 


39270 


6-3662 


0-0872665 


286*4789 


5 


6 


47124 


7-6394 


0-1047x97 


343-7747 


6 


7 


5-4978 


8-9127 


0-X22I730 


40X-0705 


7 


8 


62832 


10-1859 


0-1396263 


458-3662 


8 


9 


7-0686 


11-4592 


0-1570796 


515-6620 


9 


lO 


7-8540 


12-7324 


0-1745329 


5729578 


xo 




I— Ifinntes E. 


— Badins-Lengtha 


L—Seconds 


M.— Badins-Lengths 




into 


into 


into 


into 






Badina-Lengtha 


Minutea 


Badius^Lengths. 


Seconds. 




I 


0*000291 


3437-75 


0-000005 


206265 


I 


2 


0-000582 


6875*50 


o-ooooxo 


412530 


2 


3 


0-000873 


10313-24 


0-0000x5 


618794 


3 


4 


0*001164 


13750-99 


0*000019 


825059 


4 


5 


0*001454 


17188-74 


0*000024 


103x324 


5 


6 


0-001745 


20626-48 


0*000029 


1237589 


6 


7 


0-002036 


24064-23 


0-000034 


1443854 


7 


8 


0-002327 


27501-97 


0*000039 


16501x8 


8 


9 


0*002618 


3093972 


0*000044 


1856383 


9 


lO 


0*002909 


34377-47 


0*000048 


2062648 


10 


20 


0*005818 




0*000097 




20 


30 


0-008727 




0-000145 




30 


40 


0*011636 




0-000x94 




40 


50 


0*014544 
■««-: ___ 




0-000242 




50 



io numbebs akd figures. 

Eyakpt.ks of the Use of Table 4. 

I. What is the circumference of a circle whose diameter is 113 
inches 1 Fron^ division A of the table, we have the following : — 

100 314-16 

10 31-416 

3 9-4248 

113 Sum, 3650008 

The answer is Z5o inches; the fourth and third places of 
decimals being rejected as beyond the limits of exactness of 
the table. 

II. What is the radius of a circle whose circumference is 710 
inches? From division B of the table, we have the following : — 

700 111-409 

10 1-5916 

710 Sum, 113-0006 

The answer is 113 inches; the fourth place of decimals being 
rejected as beyond the limits of the exactness of the table. 

III. What is the area in square inches of a circle of 8 inches 
diameter? Square of 8 = 64 = area in circular incfies. Then, by 
division E of the table, 

60 47-124 

4 3-1416 

Area in sqtiare inches {to five figures only), 50-266 

lY. What is the diameter of a circle whose area is 5027 square 
inches? From division F of the table we have 

5000 6366-2 

20 "2.^^^^^ 

7 8-9127 

Area in circidar inches {to five figures only), 6400-6 

the square root of which (by Table 1, the fractions being found by 
calculation) is 80*004, being the diameter required in inches, correct 
to five places of figures 
V. How many radius-lengths are there in an arc of 57° 17' 45"? 

Badins-LengtliB. 

From division G, 50'' 0-872665 

— — 7° 0-122173 

— — I, 10' 0-002909 

— — 7' 0-002036 

_ _ L, 40" 0-000194 

— — 5" 0000024 

Total, 57° 17' 45" 1-000001 

or almost exactly one radius-length. 
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VL How many minutes are there in the arc which is one- 
eightietb (or 0'0125) of a radius-length) By division K we have 

•01 34-3775 

•002 6-8755 

•0005 1-7189 

42-9719 Answer; 
or 42' 5&* nearly. 



Explanation of Table 5. 

This table gives the circumferences and areas of circles, of 
diameters from 101 to 1000; the circumferences computed to two 
places of decimals, the areas to the nearest unit. Circumferences 
and areas for diameters not in the table may be computed by the 
aid of the following principles : — 

1. The circumferences of circles are proportional to their diam- 
eters. 

2. The areas of circles are proportional to the squai-es of their 
diameters. 



Table 5. — Circuhfebences akd 


Areas of Cibcles. 


Diam. 


Circum. 


Area. 


Diam. 


Qrcum. 


Area. 


lOI 


31730 


8012 


146 


45867 


16742 


102 


32044 


8171 


147 


461*81 


16972 


103 


32358 


8332 


148 


46496 


17203 


104 


32673 


8495 


149 


468*10 


17437 


105 


32987 


8659 


150 


471*24 


I767I 


106 


33301 


8825 


151 


474-38 


17908 


107 


33615 


8992 


152 


47752 


18146 


108 


33929 


9161 


153 


480*66 


18385 


109 


34243 


9331 


154 


483-81 


18627 


IIO 


34558 


9503 


155 


48695 


18869 


III 


34872 


9677 


156 


490*09 


19113 


113 


35186 


9852 


157 


49323 


19359 


"3 


35500 


ZOO29 


158 


496-37 


19607 


XI4 


35814 


10207 


' 159 


49951 


19856 


"5 


36128 


10387 


160 


50265 


20106 


116 


364-42 


10568 


161 


505*80 


20358 


117 


36757 


IO751 


162 


508*94 


20612 


118 


37071 


10936 


163 


512*08 


20867 


119 


37385 


III22 


164 


515*22 


2II24 


120 


37699 


II3IO 


165 


51836 


^21382 


121 


38013 


II499 


166 


521*50 


21642 


123 


38327 


1 1690 


167 


52465 


21904 


123 


38642 


II882 


168 


527*79 


22167 


124 


389-56 


12076 


169 


530*93 


22432 


125 


39270 


12272 


170 


534*07 


22698 


126 


395-84 


12469 


171 


537*21 


22966 


127 


398-98 


12668 


172 


540-35 


23235 


128 


402*12 


12868 


173 


543*50 


23506 


129 


40527 


13070 


174 


54664 


23779 


130 


408*41 


13273 


175 


549*78 


24053 


131 


411-55 


13478 


176 


55292 


24329 


132 


414*69 


13685 


177 


55606 


24606 


133 


41783 


13893 


178 


559*20 


24885 


134 


420*97 


I4IO3 


179 


56235 


25165 


135 


424*12 


I43U 


180 


565*49 


25447 


136 


427*26 


14527 


181 


568-63 


25730 


137 


430*40 


14741 


182 


571*77 


26016 


138 


433*54 


14957 


183 


574*91 


26302 


139 


43668 


15175 


184 


578-05 


26590 


140 


43982 


15394 


185 


581*19 


26880 


I4T 


442*96 


15615 


186 


584*34 


27172 


142 


446*11 


15837 


187 


587*48 


27465 


143 


449-25 


16061 


188 


590-62 


27759 


144 


452-39 


16286 


189 


• 59376 


28055 


145 


455-53 


16513 


190 


596*90 


28353 
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Diam. 


Circum. 


Area. 


Diam. 


Circum. 


Area. 


191 


600*04 


28652 


236 


741-42 


43744 


192 


603-19 


28953 


237 


744-56 


44115 


193 


60633 


29255 


238 


747-70 


44488 


194 


609*47 


29559 


239 


750-84 


44863 


^95 


6t2*6i 


29865 


240 


75398 


45239 


196 


61575 


30172 


241 


757-12 


45617 


197 


618-89 


30481 


242 


760-27 


45996 


198 


622-04 


30791 


243 


763-41 


46377 


199 


625-18 


31 103 


244 


76655 


46759 


200 


628-32 


3I416 


245 


76969 


47 M4 


201 


631-46 


3173I 


246 


772-83 


47529 


202 


634-60 


32047 


247 


775-97 


47916 


203 


63774 


32365 


248 


779-12 


48305 


204 


64089 


32685 


249 


78226 


48695 


205 


644-03 


33006 


250 


785-40 


49087 


206 


647-17 


33329 


251 


788-54 


49481 


207 


650-31 


33654 


252 


791*68 


49876 


208 


653-45 


33979 


253 


794-82 


50273 


209 


656-59 


34307 


254 


797-96 


50671 


210 


659-73 


34636 


255 


801*11 


51071 


211 


662-88 


34967 


256 


804*25 


51472 


212 


666-02 


35299 


257 


807-39 


51875 


213 


669-16 


35633 


258 


81053 


52279 


214 


672-30 


35968 


259 


81367 


52685 


215 


675-44 


36305 


260 


81681 


53093 


216 


678-58 


36644 


261 


819-96 


53502 


217 


681-73 


36984 


262 


823-10 


53913 


218 


684-87 


37325 


263 


826-24 


54325 


219 


688-01 


37668 


264 


829-38 


54739 


220 


691-15 


38013 


265 


83252 


55155 


221 


694-29 


38360 


266 


835-66 


55572 


222 


697-43 


38708 


267 


83881 


55990 


223 


700-58 


39057 


268 


841-95 


56410 


224 


703-72 


39408 


269 


84509 


56832 


225 


706-86 


39761 


270 


848*23 


57256 


226 


710-00 


40115 


271 


851-37 


57680 


227 


713-14 


40471 


272 


854-51 


58107 


228 


716-28 


40828 


273 


85766 


58535 


229 


719-42 


41187 


274 


86o-8o 


58965 


230 


722-57 


41548 


275 


863*94 


59396 


231 


725-71 


41910 


276 


867-08 


59828 


232 


728-85 


42273 


277 


870-22 


60263 


233 


731-99 


42638 


278 


873-36 


60699 


234 


735-13 


• 43005 


279 


876-50 


61136 


235 


738-27 


43374 


280 


87965 


61575 
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Diam. 


Circtun. 


Area. 


Diam. 


Circum. 


Area. 


281 


88279 


62016 


326 


1024-16 


83469 


282 


885-93 


62458 


327 


1027-30 


83982 


283 


889-07 


62902 


328 


1030-44 


84496 


284 


892-21 


63347 


329 


1033-58 


85012 


285 


89535 


63794 


330 


103673 


85530 


286 


89850 


64242 


331 


1039*87 


86049 


287 


901*64 


64692 


332 


1043-01 


86570 


288 


90478 


65144 


333 


1046-15 


87092 


289 


907-92 


65597 


334 


1049-29 


87616 


290 


91 1 06 


66052 


335 


1052-43 


8814I 


291 


914-20 


66508 


336 


1055-58 


88668 


292 


91735 


66^66 


337 


105872 


89197 


293 


92049 


67426 


338 


1061-86 


89727 


294 


923-63 


67887 


339 


1065-00 


90259 


295 


926-77 


68349 


340 


1068-14 


90792 


296 


929-91 


68813 


341 


1071*28 


91327 


297 


93305 


69279 


342 


1074-42 


91863 


298 


936-19 


69747 


343 


io77'57 


92401 


299 


93934 


70215 


344 


10807 1 


92941 


300 


94248 


70686 


345 


1083-85 


93482 


301 


94562 


71158 


346 


1086-99 


94025 


302 


94876 


71631 


347 


1090-13 


94569 


303 


951-90 


72107 


348 


1093-27 


95"5 


304 


95504 


72583 


349 


1096-42 


95662 


305 


958-19 


73062 


350 


1099-56 


9621 1 


306 


961-33 


73542 


351 


1102*70 


96762 


307 


96447 


74023 


352 


1105-84 


97314 


308 


967-61 


74506 


353 


1108-98 


97868 


309 


97075 


74991 


354 


H12-12 


98423 


310 


97389 


75477 


355 


iii5'27 


98980 


3" 


977-04 


75964 


356 


1118*41 


99538 


312 


980-18 


76454 


357 


1121*55 


100098 


3^3 


98332 


76945 


358 


1124*69 


100660 


314 


98646 


77437 


359 


1127*83 


101223 


315 


989-60 


77931 


360 


1130*97 


101788 


316 


99274 


78427 


361 


113412 


102354 


317 


995-88 


78924 


362 


1137-26 


102922 


318 


999-03 


79423 


363 


1140-40 


103491 


319 


1002-17 


79923 


364 


"43*54 


104062 


320 


1005-31 


80425 


365 


1146-68 


104635 


321 


1008-45 


80928 


366 


1149*82 


105209 


322 


ion-59 


81433 


367 


1152*97 


105785 


323 


101473 


81940 


368 


1156-11 


106362 


324 


1017-88 


82448 


369 


"59'25 


106941 


325 


1021-02 


82958 


370 


1162-39 


107521 
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Diam. 


Grcum. 


Area. 


Diam. 


Circum. 


Area. 


371 


1165-53 


I08103 


416 


1306-91 


I35918 


372 


1168-67 


108687 


417 


1310-05 


136572 


373 


ii7i-8x 


109272 


418 


1313-19 


137228 


374 


1174-96 


109858 


419 


1316-33 


137885 


375 


1178-10 


I 10447 


420 


1319*47 


138544 


376 


1181-24 


I I 1036 


421 


1322-61 


139205 


377 


1184-38 


III628 


422 


1325*75 


139867 


378 


1187-52 


II222I 


423 


132889 


I 4053 I 


379 


1190-66 


II2815 


424 


133204 


141196 


380 


1193-81 


II34II 


425 


1335*18 


141863 


381 


1196-95 


I 14009 


426 


1338-32 


I4253I 


382 


1200*09 


I I 4608 


427 


1341-46 


143201 


383 


1203-23 


II52O9 


428 


1344-60 


143872 


384 


1206-37 


II5812 


429 


1347*74 


144545 


385 


1209-51 


II6416 


430 


1350*89 


145220 


386 


1212-66 


II702I 


431 


1354*03 


145896 


387 


1215-80 


II7628 


432 


1357*17 


146574 


388 


I2i8'94 


"8237 


433 


136031 


147254 


389 


1222*08 


I 18847 


434 


1363*45 


M7934 


390 


1225*22 


"9459 


435 


136659 


1486x7 


391 


1228-36 


120072 


436 


1369*73 


149301 


392 


1231-50 


120687 


437 


137288 


149987 


393 


1234-65 


121304 


438 


1376*02 


150674 


394 


123779 


121922 


439 


1379-16 


151363 


395 


1240-93 


122542 


440 


1382*30 


152053 


396 


1244-07 


123163 


441 


1385-44 


152745 


397 


1247-21 


123786 


442 


1388-58 


153439 


398 


1250-35 


124410 


443 


139^*73 


154134 


399 


1253-50 


125036 


444 


1394*87 


154830 


400 


1256-64 


125664 


445 


139801 


155628 


401 


1259-78 


126293 


446 


1401-15 


156228 


402 


1262-92 


126923 


447 


1404-29 


156930 


403 


1266-06 


127556 


448 


1407*43 


157633 


404 


1269-20 


128190 


449 


1410-58 


158337 


405 


1272-35 


128825 


450 


1413-72 


159043 


406 


1275-49 


129462 


451 


1416-86 


159751 


407 


1278-63 


130100 


452 


1420-00 


160460 


408 


1281-77 


130741 


453 


1423-14 


161171 


409 


1284-91 


131382 


454 


1426-28 


161883 


410 


1288-05 


132025 


455 


1429-42 


162597 


411 


1291*19 


132670 


456 


1432-57 


163313 


412 


1294-34 


133317 


457 


1435-71 


164030 


413 


1297-48 


133965 


458 


1438-85 


164748 


414 


1300*62 


134614 


459 


1441*99 


165468 


415 


1303*76 


135265 


460 


144513 


166190 



46 



Diam. 


Circum. 


Area. 


Diam. 


Circum. 


Area. 


461 


1448-27 


166914 


506 


1589-65 


201090 


462 


1451-42 


167639 


507 


1592-79 


201886 


463 


1454-56 


168365 


508 


1595*93 


202683 


464 


M5770 


169093 


509 


1599-07 


203482 


465 


1460-84 


169823 


510 


1602-21 


204282 


466 


1463-98 


170554 


5" 


1605-35 


205084 


467 


1467-12 


171287 


512 


1608-50 


205887 


468 


1470-27 


17202I 


513 


1611*64 


206692 


469 


1473-41 


172757 


514 


1614*78 


207499 


470 


147655 


173494 


515 


1617*92 


208307 


471 


1479-69 


174234 


516 


1621*06 


209117 


472 


148283 


174974 


517 


1624*20 


209928 


473 


1485-97 


1757 16 


518 


1627-35 


2IO74I 


474 


1489*12 


176460 


519 


1630-49 


2II556 


475 


1492*26 


177205 


520 


163363 


212372 


476 


149540 


177952 


521 


1636-77 


213189 


477 


1498-54 


17870I 


522 


1639-91 


214008 


478 


1501-68 


179451 


523 


1643-05 


214829 


479 


1504-82 


180203 


524 


1646*20 


215651 


480 


1507-96 


180956 


525 


1649-34 


216475 


4&1 


1511-11 


18171I 


526 


1652-48 


21730I 


482 


1514-25 


182467 


527 


1655-62 


218128 


483 


1517-39 


183225 


528 


1658-76 


218956 


484 


1520-53 


183984 


529 


1661-90 


219787 


485 


1523-67 


184745 


530 


1665-04 


220618 


486 


1526-81 


185508 


531 


1668-19 


221452 


487 


1529-96 


186272 


532 


1671-33 


222287 


488 


1533-10 


187038 


533 


1674-47 


223123 


489 


1536-24 


187805 


534. 


1677-61 


223961 


490 


1539-38 


188574 


535 


1680-75 


224801 


491 


1542-52 


189345 


536 


1683-89 


225642 


492 


154566 


I90II7 


537 


1687-04 


226484 


493 


1548-81 


190890 


538 


1690-18 


227329 


494 


1551-95 


I91665 


539 


1693-32 


228175 


495 


155509 


192442 


540 


1696-46 


229022 


496 


1558-23 


I9322I 


541 


1699*60 


229871 


497 


1561-37 


194000 


542 


1702-74 


230722 


498 


1564-51 


194782 


543 


1705-88 


231574 


499 


1567-65 


195565 


544 


1709-03 


232428 


500 


1570-80 


196350 


545 


1712-17 


233283 


501 


1573-94 


I97136 


546 


1715-31 


234140 


502 


1577-08 


197923 


547 


1718*45 


234998 


503 


1580-22 


I98713 


548 


1721*59 


235858 


504 


1583-36 


199504 


549 


1724*73 


236720 


5P5 


1586-50 


200296 


550 


1727-88 


237583 



47 



Dlam. 


Circum. 


Area. 


Diam. 


Circum. 


Area. 


551 


173x02 


238448 


596 


1872-39 


278986 


552 


1734x6 


239314 


597 


1875-53 


279923 


553 


1737-30 


240182 


598 


1878-67 


280862 


554 


1740-44 


241051 


599 


1881-81 


281802 


555 


1743-58 


241922 


600 


1884-96 


282743 


556 


174673 


242795 


601 


1888-10 


283687 


557 


1749-87 


243669 


602 


1891-24 


284631 


55^ 


1753OI 


244545 


603 


1894-38 


285578 


559 


1756-15 


245422 


604 


1897-52 


286526 


560 


1759-29 


246301 


605 


1900-66 


287475 » 


561 


1762-43 


247181 


606 


1903-81 


288426 


562 


1765*58 


248063 


607 


1906-95 


289379 


5<53 


1768-72 


248947 


608 


191009 


290334 


564 


1771-86 


249832 


609 


1913*23 


291289 


565 


1775-00 


250719 


610 


1916-37 


292247 


566 


1778-14 


25x607 


6n 


1919-51 


293206 


567 


1781-28 


252497 


612 


1922*65 


294166 


568 


1784-42 


253388 


613 


1925*80 


295128 


569 


1787-57 


254281 


614 


1928*94 


296092 


570 


1790-71 


255176 


615 


1932*08 


297057 


571 


179385 


256072 


616 


1935-22 


298024 


572 


1796-99 


256970 


617 


1938-36 


298992 


573 


1800-13 


257869 


618 


1941*50 


299962 


574 


1803-27 


258770 


619 


1944-65 


300934 


575 


1806-42 


259672 


620 


1947*79 


30x907 


576 


1809-56 


260576 


621 


1950-93 


302882 


577 


1812-70 


261482 


622 


1954*07 


303858 


578 


1815-84 


262389 


623 


1957*21 


304836 


579 


1818-98 


263298 


624 


1960*35 


305815 


580 


1822-12 


264208 


625 


1963*50 


306796 


581 


1825-27 


265120 


626 


1966*64 


307779 


582 


1828-41 


266033 


627 


1969*78 


308763 


583 


1831-55 


266948 


628 


1972*92 


309748 


584 


1834-69 


267865 


629 


1976*06 


310736 


585 


183783 


268783 


630 


1979*20 


311725 


586 


1840-97 


269702 


631 


1982-35 


312715 


587 


1844-11 


270624 


632 


1985*49 


313707 


588 


1847-26 


271547 


633 


1988-63 


314700 


589 


1850-40 


272471 


634 


1991*77 


315696 


590 


1853-54 


273397 


635 


1994*91 


316692 


59^ 


185668 


274325 


636 


1998*05 


317690 


592 


1859-82 


275254 


637 


2001*19 


3x8690 


593 


1862-96 


276184 


638 


2004-34 


319692 


594 


186611 


277117 


639 


2007-48 


320695 


595 


186925 


278052 


640 


2010-62 


321699 



48 



Diam. 


Grcum. 


Area. 


Diam. 


Circum. 


Area. 




641 


2013-76 


322705 


686 


2155-13 


369605 




642 


2016-90 


323713 


687 


2158-27 


370684 




643 


2020*04 


324722 


688 


2161*42 


371764 




644 


2023*19 


325733 


689 


2164*56 


372845 




645 


2026*33 


326745 


690 


2167-70 


373928 




646 


2029*47 


327759 


691 


2170-84 


375013 




647 


2032*61 


328775 


692 


2173*98 


376099 




648 


203575 


329792 


693 


2177*12 


377187 




649 


2038-89 


33o8ho 


694 


2180-27 


378276 




650 


2042*04 


331831 


695 


2183-41 


379367 




651 


2045-18 


332853 


696 


2186-55 


380459 




652 


2048-32 


333876 


697 


2189-69 


381554 




653 


2051-46 


334901 


698 


2192-83 


382649 




654 


2054-60 


335927 


699 


2195*97 


383746 




655 


2057-74 


336955 


700 


2199*11 


384845 




656 


2060-88 


337985 


701 


2202*26 


385945 




657 


2064*03 


339016 


702 


2205*40 


387047 




658 


2067*17 


340049 


703 


2208*54 


38815I 




^9 


2070-31 


341084 


704 


2211*68 


389256 




660 


2073*45 


342119 


705 


2214*82 


390363 




661 


2076-59 


343157 


706 


2217*96 


39I47I 




662 


2079-73 


344196 


707 


2221*11 


392580 




663 


2082-88 


345237 


708 


2224-25 


393692 




664 


2086-02 


346279 


709 


2227-39 


394B05 




665 


2089*16 


347323 


710 


2230-53 


395919 




666 


2092*30 


348368 


711 


2233-67 


397035 




661 


2095-44 


349415 


712 


2236*81 


398153 




668 


209858 


350464 


713 


2239*96 


399272 




669 


2101-73 


351514 


714 


2243*10 


400393 




670 


2104-87 


352565 


715 


2246*24 


4OI515 




671 


2108 -oi 


353618 


716 


2249-38 


402639 




672 


2III*l5 


354673 


717 


2252*52 


403765 




673 


2114*29 


355730 


718 


2255-66 


404892 




674 


2117-43 


356788 


719 


2258*81 


406020 




675 


2120-58 


357847 


720 


2261-95 


407150 




676 


2123-72 


3589*^8 


721 


2265*09 


408282 




677 


2126-86 


359971 


722 


2268*23 


409416 




678 


2130*00 


361035 


723 


2271*37 


410550 




679 


2133*14 


362101 


724 


2274-51 


41 1687 




680 


2136-28 


363168 


725 


2277*65 


412825 




681 


2139-42 


364237 


726 


2280*80 


413965 




682 


2142*57 


365308 


727 


2283*94 


415106 




683 


2I457I 


366380 


728 


2287*08 


416248 




684 


2148-85 


367453 


729 


2290*22 


417393 




685 


2151*99 


368528 


730 


2293*36 


418539 





49 



Diam. 


Qrctim. 


Area. 


Diam. 


Circum. 


Area. 


731 


2296*50 


419686 


776 


2437*88 


472948 


732 


2299-65 


420835 


777 


2441*02 


474168 


733 


230279 


421986 


778 


2444*16 


475389 


734 


2305'93 


423139 


779 


2447*30 


476612 


735 


2309-07 


424293 


780 


2450*44 


477836 


73« 


2312*21 


425448 


781 


245358 


479062 


737 


231535 


426604 


782 


245673 


480290 


738 


2318*50 


427762 


783 


2459*87 


481519 


739 


2321*64 


428922 


784 


2463*01 


482750 


740 


2324*78 


430084 


785 


2466*15 


483982 


741 


2327*92 


431247 


786 


2469*29 


485216 


743 


2331*06 


432412 


787 


247243 


486451 


743 


2334*20 


433578 


788 


2475*58 


487688 


744 


2337*34 


434746 


789 


247872 


488927 


745 


2340*49 


435916 


790 


2481*86 


490167 


746 


234363 


437087 


791 


2485-00 


491409 


747 


2346*77 


438259 


792 


2488*14 


492652 


748 


2349-91 


439433 


793 


2491-28 


493897 


749 


2353*05 


440609 


794 


2494-42 


495143 


750 


2356-19 


441786 


795 


2497*57 


496391 


751 


2359*34 


442965 


796 


2500*71 


497641 


753 


2362-48 


444146 


797 


250385 


498892 


753 


236562 


445328 


798 


2506-99 


500145 


754 


236876 


44651 I 


799 


2510-13 


501399 


755 


2371*90 


447697 


800 


2513-27 


502655 


756 


2375*04 


448883 


801 


2516-42 


503912 


757 


237819 


450072 


802 


2519*56 


505171 


758 


2381-33 


451262 


803 


252270 


506432 


759 


2384-47 


452453 


804 


2525*84 


507694 


760 


2387*61 


453646 


805 


2528-98 


508958 


761 


239075 


454841 


806 


2532*12 


510223 


76a 


2393*89 


456037 


807 


253527 


511490 


763 


2397*04 


457234 


808 


2538-41 


512758 


764 


2400*18 


458434 


809 


2541-55 


514028 


765 


2403-32 


459635 


810 


2544*69 


515300 


766 


2406-46 


460837 


811 


254783 


516573 


767 


2409*60 


462041 


8t2 


2550-97 


517848 


768 


2412*74 


463247 


813 


2554*" 


519124 


769 


2415-88 


464454 


814 


2557*26 


520402 


770 


241903 


465663 


815 


2560*40 


521681 


771 


2422*17 


466873 


816 


2563-54 


522962 


773 


2425*31 


468085 


817 


2566-68 


524245 


773 


2428*45 


469298 


818 


2569*82 


525529 


774 


2431*59 


470513 


819 


2572-96 


526814 


775 


243473 


471730 


820 


2576*11 


528102 



E 



50 



Diam. 


Gxctim. 


Area. 


JXam. 


Grcum. 


Axtsa. 


821 


2579*25 


529391 


866 


2720*62 


589014 


822 


.2582-39 


530681 


867 


2723-76 


590375 


823 


258553 


53x973 


868 


2726*90 


59x738 


824 


258867 


533267 


869 


2730*04 


593102 


825 


2591-81 


534562 


870 


2733x9 


594468 


826 


2594-96 


535858 


87 X 


273633 


595835 


827 ' 


2598-10 


537157 


872 


2739'47 


597204 


828 


2601-24 


538456 


873 


2742*61 


598575 


829 


2604-38 


539758 


874 


274575 


599947 


830 


2607-52 


541061 


875 


2748*89 


601320 


83X 


2610-66 


542365 


876 


2752-04 


602696 


832 


2613-81 


543671 


877 


2755-18 


604073 


833 


2616-95 


544979 


878 


275832 


60545X 


834 


2620-09 


546288 


879 


2761-46 


606S31 


835 


2623-23 


547599 


880 


2764*60 


608212 -V 


836 


2626-37 


548912 


881 


276774 


609595 


837 


2629-51 


550226 


882 


2770-88 


610980 


838 


263265 


55x541 


883 


2774-03 


612366 


839 


263580 


552858 


884 


2777-X7 


6x3754 


840 


263894 


554177 


885 


2780-31 


615x43 


841 


2642*08 


555497 


886 


278345 


616534 


842 


2645-22 


556819 


887 


2786*59 


617927 


843 


2648-36 


558142 


888 


278973 


6I932I 


844. 


2651-51 


559467 


889 


2792-88 


620717 


845 


265465 


560794 


890 


2796-02 


622II4 


846 


265779 


562122 


891 


2799*16 


623513 


847 


2660-93 


563452 


892 


2802*30 


624913 


848 


2664*07 


564783 


893 


2805*44 


626315 


849 


2667*21 


5661 16 


894 


280858 


627718 


850 


2670*35 


5^57450 


895 


281173 


629124 


851 


267350 


568786 


896 


2814*87 


630530 


852 


2676*64 


570124 


897 


2818*01 


63x938 


853 


2679-78 


57x463 


898 


2821*15 


633348 


854 


2682*92 


572803 


899 


• 2824-29 


634760 


855 


2686*06 


574x46 


900 


2827-43 


636173 


856 


2689*20 ^ 


575490 


901 


2830*58 


637587 


857' 


2692*34 


576835 


902 


283372 


639003 


858 


2695*49 


578182 


903 


2836-86 


640421 


859 


269863 


579530 


904 


2840-00 


64I840 


860 


2701*77 


580880 


905 


2843-14 


643261 


861 


2704*91 


582232 


906 


2846-28 


644683 


862 


2708-05 


583585 


907 


2849*42 


646107 


863 


2711*19 


584940 


908 


2852*57 


647533 


864 


2714-34 


586297 


909 


285571 


648960 


865 


2717*48 


587655 


910 


2858*85 


650388 



01 



Diam. 


Circum. 


Area. 


Diam. 


Circum. 


Area. 


911 


2861-99 


651818 


956 


3003-36 


717804 


912 


2865-13 


653250 


957 


3006-50 


719306 


913 


2868-27 


654684 


958 


300965 


720810 


914 


2871*42 


656119 


959 


3012-79 


722316 


915 


2874-56 


657555 


960 


3015*93 


723823 


916 


2877-70 


658993 


961 


3019*07 


725332 


917 


2880-84 


660433 


962 


3022*21 


726842 


918 


2883-98 


661874 


963 


302535 


728354 


919 


2887-12 


663317 


964 


3028-50 


729867 


920 


2890-27 


664761 


9^5 


3031-64 


731382 


921 


2893-41 


666207 


966 


3034*78 


732899 


922 


2896-55 


667654 


967 


303792 


734417 


923 


2899*69 


669103 


968 


3041-06 


735937 


924 


2902-83 


670554 


9^9 


3044*20 


737458 


9^5 


2905-97 


672006 


970 


3047*34 


738981 


926 


2909-11 


673460 


971 


3050-49 


740506 


927 


2912-26 


674915 


972 


305363 


742032 


928 


2915-40 


676372 


973 


305677 


743559 


929 


2918-54 


677831 


774 


3059*91 


745088 


930 


2921*68 


679291 


975 


306305 


746619 


931 


2924-82 


680753 


976 


3066-19 


748151 


932 


2927-96 


682216 


977 


3069-34 


749685 


933 


2931-11 


683680 


978 


3072-48 


751221 


934 


2934*25 


685147 


979 


307562 


752758 


935 


2937-39 


686615 


980 


307876 


754296 


93^ 


294053 


688084 


981 


3081*90 


755837 


937 


2943-67 


689555 


982 


3085-04 


757378 


938 


2946-81 


691028 


983 


3088-19 


758922 


939 


2949-96 


692502 


984 


3091*33 


760466 


940 


2953*10 


693978 


985 


3094*47 


762013 


941 


2956*24 


695455 


986 


3097-61 


763561 


942 


2959*38 


696934 


987 


3100-75 


765H1 


943 


2962-52 


698415 


988 


3103-89 


766662 


944 


296566 


699897 


989 


3107-04 


768215 


945 


296881 


701380 


990 


3110-18 


769769 


946 


2971-95 


702865 


991 


3113*32 


771325 


947 


297509 


704352 


992 


3116-46 


772882 


948 


2978*23 


705840 


993 


3ii9'6o 


774441 


949 


2981*37 


707330 


994 


3122-74 


776002 


950 


2984-51 


708822 


995 


3125-88 


777564 


951 


2987-65 


710315 


996 


312903 


779128 


952 


2990-80 


71181O 


997 


3132-17 


780693 


953 


2993*94 


713306 


998 


3135*31 


782260 


954 


2997-08 


714803 


999 


3138*45 


783828 


955 


3000-22 


716303 


1000 


3141*59 


785398 
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TRIGONOMETRICAL RULES. 

(The following is a summaiy of the principles and chief rules of 
trigonometry. In applying those rules to ordinary mechanical 
questions, a very brief table, such as Table 6, is sufficient; but for 
purposes of surveying, astronomy, and navigation, it is necessary to 
use tables too voluminous to be included in such a work as this.) 

L Trigonometrical Functions DefinecL — Suppose that A, B, 
stand for the three angles of a right-angled triangle, being the 
right angle, and that a, b, c stand for the sides respectively opposite 
to those angles, c being tJie hypothenuse ; then the various names 
of trigonometrical functions of the angle A have the followiDg 
meanings :— 

• A ** A ^ 

8inA = -: cosA=-: 

. c—b . - e—a 

versm A = : coversm A = : 

c c ' 

tan A = 7 : cotan A = - : 
a 

A ^ A <^ 

sec A =s =- : cosec A = -. 
6 . a 

The complement of A means the angle B, such that A + B = a 
right angle; and the sine of each of those angles is the cosine of the 
other, and so of the other functions by pairs. 

II. Relations amongst the Trigonometrical Functions of One 
Angle, A, and of its Supplement, 180° — A : — 

A n 5~r tan A 1 

sm A = V 1 — cos^ A = r- =r r I 

sec A cosec A 

A /^ . 9 . cotan A 1 

cos A = tj 1 — sm^ A = 



cosec A sec A' 
versin A = 1 — cos A; 
coversin A = 1 — sin A ; 

tanA = T- = — T 7- =sin A • sec A= Vsec^ A — 1: 

cos A cotan A 

cotan A = -. — v = r = cos A • cosec A = V cosec^ A — 1 : 

sin A tan A 

secA = 7-= t/l-^tSkU^A; 

cos A 

cosec A = -: — r = i^ 1 4- cotan^ A. 
sm A 
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sin(180o — A) = sinA; 
cos (180*» — A) = — cos A j 
versin (180*» — A)= 1 +co8 A = 2 — versinA; 
coversin (180° — A) = coversin A; 
tan(180« — A) = — tan A; 
cotan (180° — A) = — ootan A; 
sec (180° — A) = — sec A j 
cosec (180° — A) = cosec A. 

To compute sines, ^., approximately by series; reduce the 
angle to circular measure — that is, to radius-lengths and fractions 
of a radius-length (see Table 5) ; let it be denoted by A. Then 

. A A A8 A« A7 

sin A = A - 2;3 ^-^;^jj' 2.3.4.5.6.7 "" ^'- 

A^ A* A® 

co8A = l--^ + ^^-^-g^j^g + &a 

IIL Trigonometrical Functions of Two Angles : — 

sin (A =±= B) = sin A cos B z±: cos A sin B ; 
cos (A =±= B) = cos A cos B qp sin A sin B; 

X / A . T»v tan A =±z tan B 

tan (A =±= B) = r— — ^. 

^ ^ l==tanAtanB 

IT. JTormtUcB/or the Soltdion of Plane Triangle, — Let A, B, C 
be the angles, and a, b, c the sides respectively opposite them. 

1. Belatfons amongst the Angles — 

A + B + C = 180°; 
or if A and B are given, 

= 180° - A - B. 

2. iriien the Angles and One Side are given* let a be the given 

side; then the other two sides are 

, sin B sin C 

6 = a ' -; — 7- ; c = a • - — -. 

sin A sm A 

3. irhen Two Sides and the Included Angle are gIreBy let a, h be 

the given sides, C the given included angle; then 
To find the third side. First Method : 

e= J {a^ + b^ -2 ah COS Cf); 

Second Method: Make sin D = r- ' cos ir J then 

a-H 6 2 

c == {a + b) cos D, 
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Third Method: 



Make tan E = =- • sin ^ : then 



c = (a — 5) sec E. 

To find the remaining angles, A and B. 
If the third side has been computed, 

sin A = - • sin C : sin B = - • sin C. 
c c 

• 

If the third side has not been computed, 

^ A + B ^ C ^ A-B a-ft , 
tan-~^— = ootan -^; tan-^— = —^ cotan ^ ; 

A+B A-B ^ A+B A-B 



:^ 



2 



4. When the Throe Sides are glren, to find any OM ofthe angles, 

such as C — 

9 



cos 8= 



or otherwise, let 



8 



2ab 
o + 6 + c 



; then 



cos 
C 



1 - V4i^' •^^ v^-^f^' 



-^ V (« - a) (* - 6) -3 V « (« - c) 



sin C = 



_ 2s/s{s ^a) (s '-b){8 ^ 

a b 



KoTE. — In all trigonometrical problems, it is to be borne in mind, 
that small acute angles, and large obtuse angles, are most accurately 
determined by means of their sines, tangents, and coseca^its, and 
angles approaching a right angle by their cosines, cota/ngents, and 
secants, 

5. To Scire a Blght-nngled Triangle.— Let C denote the right 

angle; c the hypothenuse; A and B the two oblique angles; a and 
b the sides respectively opposite them. 

Given, the right angle, another angle B, the hypothenuse c. 
Then 

A = 90°- B; a = c-cosB; b = csinR 
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Given^ the right angle, another angle B, a side a, 

A = 90° - B; 6 = a • tan B; c = a • sec B. 
. Given, the right angle, and the sides a, b, 

tan A = T J tan B = - : c = J a^ + b\ 
b a 

Given, the right angle, the hypothennse c; a side a, 

sin A = cos B = - ; b= nAc^"^-^ 

c 

Given, the three sides a, b, c, which fulfilling the equation 
c2 = a2 + 52, the triangle is known to be right-angled at C. 

Sin A = - : sin B = - . 
c c 

6. T« ExpreM the Area of a Plane Triangle in Term* of iU Side* 
and AagleB. 

Given, one side, c, and the angles. 

. _^ c^ sin A sin B 
Ar ea — c\ • . /^ • 
2 sinO 

Given, two sides, &, c, and the included angle A 

. b c ' sin A 
Area = 5 . 

Given, the three sides a, b, c. Let = = «; then 

Area = J < « (« — a) (a - 6) (5 — c) > . 

V. Etdes for the Solution of Spherical Triomgles. — ^Let A, B, C 
denote the three angles of a spherical triangle, and «, /3, y, the 
angles subtended bj its sides at the centre of the sphere, called for 
brevity's sake, the sides. 

The spherical excess means, the excess of the sum of the angles 
A + B + C above two right angles. 

- Spherical excess area of triangle 

4 right angles " surface of hemisphere- 

2. To compute the approximale spherical excess, in seconds, of a 
triangle on the earth's surface whose area is given; divide that 
area by one or other of the following divisors, according as^ it is 
given in square feet, in square nautical miles, or in square mitres : — 

Area given in Divisor. Com. Log. 

Square feet, 2,115,500,000 9*3254101 

Square nautical miles, 57*29578 17581226 

Square mitres, •. 196,530,000 8*2934243 
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3. Given, two angles of a spherical triangle, and the side between 
them ; to find the remaining sides and angle — 

Let A, B be the given angles, and y the given sida Then to 
find the remaining sides^ « and i3-~ 

A-B 

tan — s — = tan ^ • • 

2 3 A + B' 



tan ^ = tan 



cos 



sin 



2 
A-B 



2 2 . A + B' 

sm-^- 

• 2~ ■*■ ~2~ ^ ^ ' ^2 T"- 

To find the remaining angle, C, we have the proportion- 
sin «: sin /8 : sin y :: sin A : sin B : sin C. 

4. Given, two sides of a spherical triangle and the angle between 
them; to find the remaining side and angle 

Let «, fi be the given sides ; C, the given angle. 

jFirst Method. — To find the remaining side, y : 

cos y = cos « • cos /3 + sin « • sin /3 • cos 0; 

but this formula being unsuited to calculation hj logarithms, the 
following has been deduced from it : — 

Make sin D = cos ^ " A/sin » • sin j8; then 

and to find the remaining angles, we have the proportion, 
sin y : sin » : sin ^ : : sin : sin A : sin B. 
Second MeAod, — To find the remaining angles, A, R 

, A + B cos~^.cotan^ 

tan — - — = f :f . . 

2 « + ^ ' 

cos-^ 

u^ fi C 

, A-B si^-2--cotan-. 

tan — X — = • 

2 . « + (S ' 

an — ^ — 
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A + B A-B -J A + B A- B 

The remainiDg side, y, is found by the proportion stated 
above. 

5. The three sides of a spherical triangle being given, to find 
the angles — 

Let C be the angle sought in the first instance. Then 

^ cos y - cos • • cos fi 

cos C =s ; ; ] 

sin « * sin /9 
or otherwise- 
Let 9 =3 — - denote the half sum of the sides; 



cos 



C^^/ "5r^'sin(dr-y) . ^0 _^/ 8in(a-»)(sing-/S) 
2 V sinct'sin/S -* V sin«*sini3 

CO C C 

cos ^ is best when ^ approaches a right angle; sin x when ^ is small. 

These formulae will serve alike to compute any angle. If it is 
desired to express the angle sought by A or by B, the following 
cubstitutions are to be made in the formulao : — 

For the following symbols in the formulae for C,... » fi y 

Substitute respectively in the formulae for A,... /3 y a 

— — — — for B,... 7 « /3 

6. In a right-angled spherical triangle, the right angle and any 
two other parts being given, to find the remaining parts — 
Let C be the right angle, and y the side opposite to it. 

Case I. Two sides being given, the third is found by the 
equation- 
cos «• cos /3 = cos y; 

and the oblique angles by the equations — 

cos A = cotan y * tan /3; cos B = cotan y * tan »; 

or by the equations — 

cotan A = cotan « * sin /3; cotan B = cotan /9 * sin «. 

Case II. Given, a side («) and the opposite angle (A). Find 
the side fi by the formula — 

sin ^ = tan « • cotan A; 

then find y and B as in Case L 
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Case IIL Given, a side («) and the adjacent angle (B). Find 
the side y by the formula — 

cotan y = cos A * cotan /3; 
then find « and B as in Case L 

Case IV. Given, two angles, A, B — 

cosA ^cosB .Ait> 

cos « = -: — =r : cos p = -; — r 5 COS y = cotan A • cotan R 
sin B Bin A 

VI. ApproodmcUe Solutions of Spherical TriaTigleSy used in 
Trigonometrical Su/rveying, 

1. Given, in a triangle on the earth's surface the length of one 
side, c, and the adjacent angles, A, B; to find approximately the 
third angle, C. 

Calculate the approodmcUe area of the triangle, as if it were 
plane. From that area calculate the ^'spherical excess," X. Then 

C » 180'' + X - A - B. 

2. To find approximately the remaining sides, a, h, of the same 
triangle. Let «, /3, y be the angles subtended by the sides. 

From each of the angles subtract one-third of the spherical 
excess, and then treat the triangle as if it were plane. That is to 
say— 

a - c* ^^ =-^ j = c 



_ B in(A-f) ^^^ 8in(B-f^ 
in(c-f)' Bin(0-f) 



Sin 

Pboblem Thibd. — Given, in a triangle on the earth's surface, 
two sides, a, b, and the included angle, C, to find the remaining 
side, c, and angles, A, B. 

Compute the approximate area as if the triangle were plane; 
thence compute the spherical excess, X, and deduct one-thi^ of it 
from the given angle. Then consider the triangle as a place 
triangle, in which are given the two sides a, h, and the included 

X 

angle C'= C — 5-, and find the third side, c, and the remaining 

angles, A', B'. Then for the remaining angles of the real spherical 
triangle, take 

A = A+?; B = B'+? 
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Table 6. — ^Abcs, Sines, and Tangents^ fob eyebt Degree 

FEOM 1** TO 89°. 

Explanation. 

1. The table gives arcs and their complements in circular 
measure, sines and cosines, tangents and cotangents, for every 
whole degree, correct to five places of decimals. 

2. Arcs containing fractions of a degree may be found either 
by the aid of Table 4, Divisions I and L, or by multiplying the 
fmctional part by 0*01745, and adding the product to the arc 
corresponding to the whole number of degrees. 

3. For finding the sines, ^., of angles containing fractions of a 
degree, the following process is correct to the following numbers of 
places of decimals : — 

For sines and tangents of angles between (f and 6% ) rn ^ 
For cosines and cotangents of angles between 84"^ > ^ 
and 90^ J P^^^i 

For sines of angles between 6° and 90* "^ 

For cosines of angles between 0° and 84^*, 1 To four 

For tangents of angles between 6° and 30°, [ places ; 

For cotangents of angles between 60° and 84°, J 

For tangents of angles between 30° and 45°, ) To three 

For cotangents of angles between 45° and 60°, J places. 

Multiply the fraction of a degree by the difference between the 
values of the quantity to be found for the next lower and next 
higher whole numbers of degrees, and add the product to the value 
for the next lower whole number of degrees. 
Example. — Required the sine of 30° 20' = 30° J. 

Sine of 30°, -50000 

Sine of 31°, *. '51504 

Difference, -01504 

X J 

"^00501 
Add sine of 30°, -50000 

Sin 30° J, correct to four places of decimals, -50501 
4. The sine or cosine of an angle containing a fraction of a degree 
may be found correct to five places of decimals, when required, as 
follows : — Find a first approximation to the sine or cosine by the 
preceding rule. Then multiply together the given fraction of a 
degree, the difference between that fraction and unity, the fraction 
-00015, and the approximate sine or cosine already found; the 
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product will be a correction, to be added to the approximate sine 
or cosine for a more exact value. 

Example. — Eequired the sine of 30^|, correct to five places of 
decimala 

Pirst approximation, as already foiind, *50501 

Correction to be added, i x | x -00015 x -50501 = -000017 

Swm -505027 
80 that the sine required, to five places of decimals, is -50503. 

cobbecnon-factobs, to multiply appbo^amate sines aio) 

Cosines. 



lUnstM. 


Factors. 


Ifinntea 


5 


I -0000 II 


55 


lO 


I 00002 1 


50 


IS 


1*000028 


45 


30 


1 -000033 


40 


"5 


1-000036 


35 


30 


I-QOOO37 


30 



Angle 


Are. 


Sine. 


Tangent 


Co-tangent 


Co-sine. 


Co-arc. Co-angle; 


I^ 


..01745. 


.01745. 


..01746.. 


.57-28996. 


.. 99985*. •] 


t -55335-89" 


3 


03491 


03490 


03493 


28-63625 


99939 3 


t -53589 


88 


3 


05236 


05234 


05241 


1 9-08 II 4 


99863 ^ 


t-51844 


87 


4 


0698; 


06976 


06993 


14-30067 


99756 ] 


[•50099 


86 


5 ...08727. ..08716.. .08749.., 


,11-43005.. .99619...] 


I-48353...85 


6 


10472 


10453 


IO510 


9*51436 


99453 ] 


[-46608 


84 


7 


I2217 


I2187 


12278 


814435 


99255 ^ 


[•44863 


83 


8 


13963 


1^3917 


14054 


7-11540 


99027 ] 


[-43II7 


83 


9 ...15708.. .15643. ..15838.., 


• 6-31375. ..98769...] 


[•4I372, 


..81 


TO 


17453 


17365 


17633 


567128 


98481 ] 


[-39627 


80 


II 


I9199 


1 908 1 


19438 


514455 


98163 ] 


t -37 88 1 


79 


12 


20944 


20791 


21256 


4-70463 


97815 ] 


[-36136 


78 


13 ...22689., 


,.22495. ..23087.., 


• 4-33148.. 


.97437—1 


c -3439 1. 


..77 


14 


24435 


24192 


24933 


4-01078 


97030 ] 


[-32645 


76 


'5 


26180 


25882 


26795 


373205 


96593 3 


[•30900 


75 


16 


27925 


27564 


28675 


3-48741 


96126 ] 


t-29i55 


74 


17.. 


. 29671. ..29237. ..30573.., 


, 3-27085. ..95630...] 


[•27409...73 


18 


31416 


30902 


32493 


3-07768 


95106 ] 


[-25664 


73 


19 


33161 


32557 


34433 


2-90421 


94552 3 


[•23919 


71 


20 


34907 


34202 


36397 


2-74748 


93969 1 


[-22173 


70 


21.. 


. 36652. ..35837—38386... 


, 2-60509.. .93358...] 


[-20428., 


.69 


22 


38397 


37461 


40403 


2-47509 


92718 ] 


[•18683 


68 


23 


40143 


39073 


42447 


235585 


92050 1 


[-16937 


67 


24 


41888 


40674 


44523 


2-24604 


91355 3 


[-15192 


66 


25.. 


. 43633.' 


,.42262. ..46631... 


. 2-I4451... 90631...] 


[•13447. 


-65 


26 


45379 


43837 


48773 


2-05030 


89879 ] 


[•11701 


64 


27 


47124 


45399 


50953 


I-96261 


89101 1 


[•09956 


63 


28 


48869 


46947 


53171 


1-88073 


88295 ] 


[-08211 


62 


29.. 


. 50615.. .48481. ..55431.., 


1-80405.. .87 462...] 


[-06465. ..61 


30 


52360 


50000 


57735 


1-73205 


86603 ] 


[-04720 


60 


31 


54105 


51504 


60086 


1-66428 


85717 1 


[-02975 


59 


32 


55850 


52992 


62487 


1-60033 


84805 ] 


[-01230 


58 


33- 


• 57596.. 


..54464- 


,.64941... 


1-53986., 


,.83867... 


99484.. .57 


34 


59341 


55919 


67451 


1-48256 


82904 


97739 


56 


35 


61087 


57358 


70021 


1-42815 


81915 


95993 


55 


36 


62832 


58779 


72654 


1-37638 


80902 


94248 


54 


37.. 


. 64577. ..60182. 


..75355..' 


1-32704, ..79864... 


92503. 


.53 


38 


66322 


61566 


78129 


127994 


78801 


90758 


52 


39 


68068 


62932 


80978 


1-23490 


77715 


89012 


51 


40 


69813 


64279 


83910 


1-19175 


76604 


87267 


50 


41.. 


. 71558.. .65606. 


..86929.., 


. 1-15037. ..7547I". 


85522. 


.•49 


42 


73304 


66913 


90040 


I-II061 


74314 


83776 


48 


43 


75049 


68200 


93252 


1-07237 


73135 


82031 


47 


44 


76794 


6g466 


96569 


103553 


71934 


80286 


46 


45... 78540.. .70711 ^ 


[•00000.., 


i-ooooo,. 


,.70711.., 


78540.. .45 


OMutgle. C(harc. 


Co-sine. 


Co-tangent. 


Tangent 


Sine. 


Arc. 


Angle. 
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Section L — ^Plane ARieAg, 

1. Paralleio|(niiii. RiJLE A. — ^Multiply the length of one of the 
sides by the perpendicular distance between that side and the 
opposite side. 

Rule B.^-Multiply together the lengths of two adjacent sides 
and the sine of the angle which they make with each other. 
(When the parallelogram is right-angled, that sine is = 1.) 

2. TnipeaEoid (or four-sided figure bounded by a pair of parallel 
straight lines, and a pair of straight lines not parallel). Multiply 
the half sum of the two parallel sides by the perpendicular distance 
between them. 

3. Triangle. RuLE A. — ^Multiply the length of any one of the 
sides by one-half of its perpendicular distance from the opposite 
angle. 

Rule B. — Multiply one-half of the product of any two of the 
sides by the sine of the angle between them. 

Rule C. — Multiply together the following four quantities : the 
half sum of the three sides, and the three remainders left after 
subtracting each of the three sides from that half sum ; extract the 
square root of the quotient; that root will be the area required. 

NoTEi— ^wy polygon may be measured by dividing it into tri- 
. angles, measuring those triangles, and adding their areas together. 

4 4. Parabolic Vl^prem of the Third Degree. — The parabolic figures 

to which the following rules apply are of the following kind (see 
figs. 1 and 2.) One boundary is a straigtit line, A X, called the 
hose or axis; two other boundaries are _ 

either points in that line, or sti-aight zr- 
lines at right angles to it, such as 
A B and X C, Called ordinates; and 
the fourth boundary is a curve, B C, 
of the parabolic class, and of the third 
degree; that is, a curve whose ordinate ^^ ^' ^*^* ^' 

(or perpendicular distance from the base A X) at any point is 
expressed by what is called an algebraical function of the third 
degree of the abscissa (or distance of that ordinate from a fixed 
point in the base). An algebraical function of the third degree of a 
quantity consists of terms not exceeding four in number, of which 
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one may be constant, and the rest must be proportional to powers 
of that quantity not higher than the cube. 

HuLE A. — Divide the base, as in fig. 1, into two equal parts 
or intervals; measure the endmosk ordinates, A B and X 0, and 
the middle ordinate (which is dotted in the figure) at the point of 
division; add together the endmost ordinates and^otir tijnea the 
middle ordinate, and divide the sum by six; the quotient will be 
the mecm breadth of the figure, which, being multiplied by the 
length of the base, A X, will give the area. 

KuLE B. — Divide the base, as in fig. 2, into three equal intervals; 
measure the endmost ordinates, A B and X C, and the two inter- 
mediate ordinates (which are dotted) at the points of division; add 
together the endmost ordinates and three times each of the inter- 
mediate ordinates; divide the sum by eight; the quotient will, be 
the Tnean breadth of the figure, which, being multiplied by the 
length of the base, A X, will give the area. 

In applying either of those rules to figures whose curved 
boundaries meet the base at one or both ends, the ordinate at each 
such point of meeting is to be made = 0. 

5. A»j Phuie Arau— Draw an axis or base-line, AX, in a con- 
venient position. The most convenient position is 
usually parallel to the greatest length of the area to 
be measured. Divide the length of the figure into a 
convenient number of equal intervals, and measure 
breadths in a direction perpendicular to the axis at 
the two ends of that length, and at the points of 
division, which breadths will, of course, be one moi-e 
in number than the intervals. (For example, in &g. 
3, the length of the figure is divided into ten equal 
intervals, and eleven breadths are measured at b^, b^, 
&c) Then the following rules are exact, if the sides 
of the figure are bounded by straight lines, and by 
parabolic curves not exceeding the third degree, and 
are approximate for boundaries of any other figures. 

EuLE A. ("Simpson's First Eule,'* to b^ used 
when the number of intervals is even.) — ^Add together 
the two endmost bi'eadths, ttoice every second intermediate breadth, 
and four times each of the remaining intermediate breadths; mul- 
tiply the sum by the common interval between the breadths, and 
divide by 3; the result will be the area required. 

For two intervals the multipliers for the breadths are 1, 4, 1 
(as in Rule A of the preceding Article); for four intervals, 
1, 4:, 2, 4, 1 ; for six intervals, 1, 4, 2, 4, 2, 4, 1 ; and so on. These 
are called "Simpson's Multipliers." 

Example. — Length, 120 feet, divided into six intervals of 20 
feet each. 




Fig. 3. 
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Breadths In Feet Simpson^a T>./v4nnf. 

and Decimalfl. Multipliers. woaucta. 

17-28 1 17-28 

16-40 4 65-60 

14-08 2 28-16 

10-80 4 43-20 

7-04 2 1408 

3-28 4 13-12 

1 0-00 

SuMy 181-44 
X Commou interval, 20 feet 

^ 3) 3628^ 

Area required, 1209-6 square feet 

EuLE B. {" SlmpsorCs Second Rvhy^ to be used when the 
number of intervals is a multiple of 3.) — ^Add together the two 
endmost breadths, tvjice every third intermediate breadth, and 
thrice eacli of the remjrining intermediate breadths; multiply the 
sum by the common interval between the breadths, and by 3; 
divide the product by 8; the result will be the area required. 

"Simpson's multipliers" in this case are, for three intervals, 
1, 3, 3, 1 ; for six intervals, 1, 3, 3, 2, 3, 3, 1 ; for nine intervals, 
1, 3, 3, 2, 3, 3, 2, 3, 3, 1 ; and so on. 

Example. — ^Length, 120 feet, divided into six intervals of 20 
feet eacli. 

Breadths in Feet Sfanpson^s -d^^^^/**- 

and Dedmala Multipliers. rroducta 

17-28 1 17-28 

16-40 3 49-20 

14-08 3 42-24 

10-80 2 21-60 

7-04 3 21-12 

3-28 3 9-84 

1 0-00 

Simh, %161-28 
X Common interval, 20 feet 

X 3 

■^ 8 )9676-8 
Area required, 1209-6 square feet 

Behabxs. — ^The preceding examples are taken from a parabolic^ 
figure of the third degree, for which both Simpson's Bules are 
exact ; and the results of using them agree together precisely. For 
other figures, for which the rules are approximate only, the £rst: 

r 
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rule is in general somewhat more accurate tKan tlie second, and is 
therefore to be used unless there is some special reason for pie- 
ferriug the second. 

The probable extent of error in applying Simpson's First Kule 
to a given figure is, in most cases, nearly proportional to the fourth 
power of the length of an interval 

The errors are greatest where the boundaries of the figure are 
most curved, and where they are nearly perpendicular to the axis. 
In such positions of a figure the errors may be diminished by sub- 
dividing the axis into smaller intervals 

Rule C. ('' Menjfidd^B Trapezoidal Rvle^ for calculating sepa- 
rately the areas of the parts into which a figure is subdivided by 
its equidistant ordinates or breadths.) — Write down the breadths 
in their order. Then take the differences of the successive breadths, 
distinguishing them into positive and negative according as the 
breadths are increasing or diminishing, and write them opposite 
the intervals between the breadths. Then take the difiTerences 
of those differences, or 9ec(md differences^ and write them opposite 
the intervals between the first differences, distinguishing them into 
positive and negative according to the following principles : — 

First DiflerenoeflL Sooond DUtaranoe. 

Positive increasing, or ) Poaitivi* 

Negative diminishing, j 

Negative increasing, or ) Nesativa 

Positive diminishing, J ® 

In the column of second differences there wiU now be two blanks 
opposite the two endmost breadths; those blanks are to be filled up 
with numbers each forming an arithmetical progression with the 
two adjoining second differences, if these are unequal, or equal to 
them, if they are equal. 

Divide each second difference by 12; this gives a correction^ 
which is to be subtracted from the breadth opposite it if the second 
difference is positive, and added to that breadth if the second 
difference is negative. 

Then to find the area of the division of the figure contained 
between a given pair of ordinates or breadths; multiply the half 
sum of Ike corrected breadths by the interval betuxen them. 

The area of the whole figure may h6 formed either by adding 
together the areas of all its divisions, or by adding together the 
hsSves of the endmost corrected breadths, and the whole of the 
intermediate breadths, and multiplying the sum by the common 
interval 

TCYAiffPne. — ^Lengthy 120 feet^ divided into six intervals of 20 feet 
each* 
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BreadtbBin 

Feet and 

Deciinala. 


First 
Differenoea 


Second 
Differences. 


CorrectLons. 


Corrected Areas of 
Breadths. Divisions. 

Feet Sq. Feet 


17-28 




(— 1-92) 


+ o-i6 


17 44 ) 

\ 339*6 
16-52 j 

► 306 -8 
14-16 { 

> 250-0 
1084 ] 

[ 178-8 

7*04 ] 

► 102-8 

324 

\ 31*6 

— 0-08 -' 




— 0-88 






16-40 




— I 44 


+ 0-12 




— 2-32 






14-08 




— 0-96 


+ o-o8 




— 3-28 






io-8o 




— 0-48 


+ 0*04 




— 3*76 






7-04 












— 376 






328 




+ 0-48 


— 0-04 




— 328 











(+ 0-96) 


— o-o8 



Total area, squa^-e feet, 1209-6 

The second differences enclosed in parentheses at the top and 
bottom of the column are those filled in by making them form an 
anthmetical progression with the second differences adjoining them. 
The last corrected breadth in the present example is negative, 
and is therefore subtracted instead of added in the ensuing com- 
putation. 

Rule D. — ('^Common Trapezoidal Eule" to be used when a 
rough approximation is sufficient.) Add together the halves of the 
endmost breadths, and the whole of the intermediate breadths, and 
multiply the sum by the common interval 

Example. — The same as before. 



Feet 

8-64 

16-40 

14-08 

10-80 

7-04 

3-28 

" 

60-24 
20 

• 1204*8 square feet. 
. 1209-6 

Error, — 4-8 square feet, 

6. Circle. — ^The area of a circle is equal to its circumference 
multiplied by one-fourth of its diameter, and therefore to the square 
of the diameter multiplied by one-fourth of the ratio of the circum- 



Half breadth at one end, 17*28 -5- 2 = 



Intermediate breadths, 



Half breadth at the other end, • 

X Common interval. 
Approximate area. 

True area as before computed, . 
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ference to the diameter. The ratio of the area of a cirde to the 

square of its diameter f which ratio is denoted by the symbol -r j 

is incomrnenswrable; that is, not expressible exactly in figures; but 
it can be found approximately, to any required degree of precision. 
Its value has been computed to 250 places of decimals; but the 
following approximations are close enough for most purposes, 
scientific or practical : — 

Approximate Valnes of ^- ^"^**"o£S?aSoSt ** ^** 

•7853981634 - + one-300,000,000,000th. 

•785398 + -one-5,000,000th. 

•7854 - + one-400,000th. 

r-±^- - +one-13,000,000th. 

4 X 113 

j2 - + one-2,500th. 

Tables 4 and 5 contain examples of the results of such calcnlatioiis. 
The diameter of a circle eqtuU in area to a given squjcure is Tery 
nearly 1 '12838 x the side of the square. The following table gives 
examples of this : — 

Table 4 n. — Multipuebs for CoNYEBTiNa 

Sides of SqiiBres into Diameters of Oiioles 

Diameters of into Sides of 

Equal Circles. Equal Squarea 

I 1-12838 088623 I 

3 225676 177245 2 

3 3-38514 265868 3 

4 4-51353 354491 4 

5 5'64i90 4-43^13 5 

6 677028 5*3i73<5 6 

7 7-89866 6-20359 7 

8 9-02704 7-08981 8 

9 10-15542 797604 9 
10 11-28380 8*86227 10 

7. The area of a circniar Sector (O A C B, fig. 4) is the same 

fraction of the whole circle that the 
angle A O B of the sector is of a whole 
revolution. In other words, multiply 
half ike square of the raditis, or one-^ighih 
of the eqtiare of the diameter, by the 
p. 0^ circular measure (to radius unity) of ihe 

^' ' angle A O B; the product will be the 

area of the sector. (For circular measures of angles, see Tables 
'4 and 6.) 
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8. A Circniar Segment (A D B C, ^g. 4) is equal to the sector 
A C B less the triangle A B. Hence, from the circular 
measure of the angle A O B subtract its sine; multiply the re- 
mainder by half the square of the radius; the product will be the 
area of the segment. 

9. Circular Spandriia. Case I. — Spandril ACE, bounded by 
the arc A C, the tangent C E, and the external secant A E. From 
the tangent of the angle A O subti'act the circular measure of 
that angle; multiply the remainder by half the square of the 
radius; the product will be the area. 

Case IL — Spandril A C F, bounded by the arc A C, the tangent 
C F, and the straight line A F perpendicular to C F. From twice 
the sine of the angle A O C subtract the circular measure of that 
angle, and half the sine of double the angle ; multiply the remainder 
by half the square of the radius; the product will be the area. 

10. EUipse. Case I. — Given (in £g. 5), the two axes, A O a, 
B 6. Multiply the lengths of those axes together, and their pro- 

duct by J- (See Article 6 of this section.) 

Case II. — Given, a pair of conjugate 
diametei-s, C O c, D O d (that is, a 
pair of diameters each of which is par- 
allel to the tangents at the ends of the 
other). From one end of one of those 
diameters (as D) let fall D E perpen- 
dicular to the other diameter, C c; multiply Cc by twice B E,. 

and the product by -; or otherwise— multiply together the given. 

conjugate diameters, and their product by the sine of the angle 

between them, and by j, 

11. SlUpUc Sectors and Segments.— In ^g, 6, let O A, OB, bd 

the greater and lesser semi-axes of an ellipse, 
A C B B a quadrant of that ellipse, C O B an 
elliptic sector, and C B an elliptic segment 
About O with the radius O A describe the 
circular quadrant Ace? 6; through C and B 
draw C c and B d parallel to O B, cutting the 
circle in c and d Join Oc,Od,cd Then 
as OA 




Fig. 6. 



: is to OB 

: so is the circular 

: to the elliptic 



J sector Ocd 
or segment e d 
sector OCB 
or segment C B. 




Fig. 6. 
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12. wtywtmhmiu Beei«rr— In fig 7, let the straight lines O X, O Y, 
be the asymptotes of a hyperbola; A and B two points in that 

hyperbola, and O A B a kj^perbolic 
sector, whose area is required. A 
characteristic property of the hy- 
perbola is the following: that if 
from any point in it, sach as A or 
B, there be drawn straight lines 
parallel to the asymptotes, so as 
to enclose a parallelogram, snch as 
O C A E or O D B F, the areas of 
all such paraUelogiams shall be 
equal for a given hyperbola. Let 
the common area of them all for the 
given hyperbola be called the modultuf; then the area of the sector 
A O B is equal to the modulus multiplied by the hyperbolic log- 

A P B 5* 

arithm of the ratio g-g =' ^-g. (For hyperbolic logarithms, see 

Tables 3 and 3 A.) The areas ACDBandAEFBare e^ch of 
them equal to the sector A O B. 

13. KanM«Bic Carre (see fig. 8). Case I. Single Ha/rmonic 
Curve, — ^Let A B be the base and O the height of a harmonic 

curve, O being the 
c middle of the base. 

The ordinate X Y, at 
any pointy X, in the 
base, is equal to O 
C multiplied by the 
cosine of an angle 
bearing the same proportion to two right-angles that O X bears to 

A B. Then the area A C B is equal toABxOCx- The 

2 

approximate value of -, correct to about one-2,000,000th, is -63662. 

Case II. Dovhle Ha/rmonic Curve, or Curve of Versed Sines.— 
Let the harmonic curve be continued to D and E as far below A B 
as C is above that line; the arcs A D and B E being similar to 
A C and B C, but inverted; so that the new base D E is twice tbe 
length of A B, and is a tangent to the curve at D and E; and the 
new height F C is twice O C. Then the area D C E = D E x 

14. Trochoid, or Rolling ITaTe-llne (see ^g, 9). — ^Let a circular 

disc, H, roll along a straight line, E F; then a tracing point fixed 
in the rolling disc traces a trochoid, of which A C B is one wave, 
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extending from one of the lowest positions of the tracing-point to 

the next. Let the hase of the figure to be measured be the straight 

line, A B^ touching the 

trochoid at A and B; /' c 

then tbe length of that 

base is equal to the 

circumference of the 

rolling circle, H; and 

the extreme breadth of 

the figure, C D, is twice the tracing radvuSy or distance of the 

tracing-point from the centre of the rolling circle. 

To find the area, A C B; multiply the base, A B, by the tracing 
radius^ ^ C D, and to the product add the area of the circle 
described on C D as a diameter. 

15. cut^uarff or Chain-curve. — See Section IV., further on. 




Fig. 9. 



SBcnoK II. — Cylindrical, Conical, and Spherical Areas. 

1. Cyiiader. — The curved surface of a cylinder is measured by 
multiplying its circumference by its length. 

2. Cone — ^The ciurved surface of a right cone is greater than 
the area of its circular base, in the same proportion in which the 
slanting side of the cone is longer than the radius of its base. 

3. fSpkere. — The surface of a sphere is equal to the curved surface 
of the circumscribed cylinder — that is, to the diameter of the sphere 
multiplied by its circumference, or to four times the area of a great 
circle of the sphere. 

4. Spherical Zoacs and Segmcnu. — The area of a zone or belt, 
or of a segment of a sphere, is equal to that of a zone of equal 
height on the curved surface of the circumscribed cylinder. In 
other words, multiply the height of the zone or segment by the 
circumference of a great circle of the sphere. 

Thus, in fig. 10, B A C is a hemisphere; B D E C, a circum- 
scribed cylinder; O A, the axis of 
that cylinder ; F K, a plane per- 
pendicular to that axis, cutting 
it in H, and cutting the sphere 
in the small circle I J. Then 
I A J is a segment of the sphere ; 
and its area is equal to that of 
the cylindrical belt F D E K, or 
to the circumference of the sphere 
X A H; and B I J C is a zone 
or belt of the sphere, whose area 
is equal to that of the cylindrical belt B F K C, or to the cir- 
cumference of the sphere x H O. 




Fijff. 10. 
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5, Sphericia Trtengie.— As a complete revolution (or four rights 
angles) 

: is to the spherical excess (see Trigonometrical Bules, 
Division V.), 
: : so is the surface of the hemisphere 
: to the area of the triangle. 

Section III. — ^Volumes. 

1. Amf Prirai or Cylinder with Plaae Parallel Ends. RuLE A. — 

Measure the sectional area of the prism or cylinder upon a plane 
perpendicular to its axis; multiply that area by the length; the 
product will be the volume. 

Rule B. — Multiply the area of either end by the perpendicular 
distance between the planes of the ends. 

2. Rectangalar PrUmt with Plane Ends not ParalleL — Measure 

the sectional area on a plane perpendicular to the axis; multiply it 
by the half-sum of the lengths measured along a pair of opposite 
edges. 

3. Triangular Prlinit with Plane Ends not Parallel. — Measure 

the sectional area on a plane at right angles to the axis; multiply 
by the third part of the sum of the lengths of the three edges. 

4. Rectangular Prism with Curved Ends {" WooUey's ElUe"), — Add 

together the lengths along the middles of the four faces of the 
piism, and twice the length along the axis, and divide the sum by 
six, for the mean length; multiply the mean length by the sec- 
tional area measured on a plane perpendicular to the axis. 

This rule is exact when the ends of the prism are curved surfaces, 
of a degree not exceeding the third, and approximate for other 
curved surfaces. 

5. Any Solid. METHOD I. By Lof/ers, — Choose a straight axis in 
any convenient position. (The most convenient is usually parallel 
to the greatest length of the solid.) Divide the whole length of 
the solid, as marked on the axis, into a convenient number of equal 
intervals, and measure the sectional area of the solid upon a series 
of planes crossing the axis at right angles at the two ends and at 
the points of division. Then treat those areas as if they were the 
breadths of a plane figure, applying to them Rule A, B, or 0, of 
Section I., Article 5 ; and the result of the calculation will be the 
volume required. If Rule C is used, the volume will be obtained 
in separate layers. 

This method is exact when the sectional area is an algebraical 
function of the distance along the axis of a degree not higher than 
the third. Some of the figures which fulfil that condition are 
specified further on. For other figures the method is approximate 
only. 
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Method IL By Primia or Columns {" WooUey'a JSt^"). — ^Assume 
a plane in a conyenient position as a base, divide it into a network 
of equal rectangular divisions, and conceive the solid to be built of 
a set of rectangular prismatic columns, having these rectangular 
divisions for their sectional areas. Measure the thickness of the 
solid at the ceiUre and at the middle of each of tfie sides of each of 
those rectangular columns; calculate the vohune of each column 
by the rule of Section III., Article 4, and take the sum of those 
volunie& • 

Or otherwise, to calculate the volume of the solid at one 
operation — add together the doubles of all the thicknesses before- 
mentioned, which are in the interior of the solid, and the simple 
thicknesses which are at its boundaries; divide the sum by six, and 
multiply by the area of one rectangular division of the base. 

6. Cone •r Pyramid.— Multiply the area of the base by one-third 
of the height, measured perpendicularly to the plane of the 
base. 

7. Sphere and BiiipMid. B.ULE A. — Multiply the area of a 
diametral section (found by Section L, Article 6, for a circle, or by 
Section I., Article 10, for an ellipse) by two-thirds of the height 
measured perpendicularly to the plane of that section. 

RuuES B. — Multiply together the three axes of an ellipsoid (or 
take the cube of the diameter of a sphere); then multiply by the 

iactor v,. 

Apprazlxnate Values of - . Erron, about 

0-5235987756 - + one-300,000,000,000th. 

0-523599 - + one-2,300,000th. 

0-5236- + one-400,000th. 

^^^- -I- one-13,000,000tk 

X llo 

^- -».one-40,000th, 

gj- + one-2,500th. 

8. Vraatam — Priamold — Spherical and BUipaoldal Segments and 

ZoMes. — The following rule is applicable to 

A frustum, or part cut off from a cone or pyramid by a plane 
parallel to the base (fig. 11); 

A prismoid, or solid bounded by two parallel quadrangular ends 
(E F L K, C D I H, fig. 12) and four plane faces, parallel or not 
(C F L H, H L K I, I K E D, D E F C); 

A segment cut off by one plane, or a zone cut out by a pair of 
parallel planes, from a sphere or an ellipsoid (fig. 13); 
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And generally, to any solid bounded endwise by a pair of parallel 
planes, and sideways by a conical, spherical, or elUpsoidal suHieuse, or 
by any number of planes. 




Fig. 11. 



Fig. 12. 

To the areas of the ends add four times the area of a cross 
section made by a plane midway between and parallel to the 

ends; divide the sum by six for the mean 
section, which multiply by the length A X 
measured perpendicular to the planes of the 
ends. 

9. Apherical Cone (O I A J, fig. 10). — 

Find by Section II., Article 4, the area of the 
segment I A J, Which is the base of the 
cone; multiply that area by one-third of the 
radius of the sphere. 
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Section IV. — Lengths op Curves. 



The measurement of the lengths of curves is called rectificaiixm, 
1. Any Carre. RuLE A By Chords, — Let A B (fig. 14) be 
the curved line whose length is to be measured. Divide it into 

any even number of intervals, 
equal or unequal, by points (such 
as 1, 2, 3), measure the series of 

straight chords (such as A 1, 1 2, 
2 3, 3 B), which span those in- 
tervals, and take the sum of 
their lengths; measure also the 

straight chords (such as A 2, 2 B) 
which span the intervals by pairs, 
and take the sum of their lengths; to the first sum add one-third 




Fig. 14. 
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of the differenoe between it and the second sum; the result will be 
the approximate length of the curve. 

Hui^E B. By Chords and Tomgmts, — Divide the curve into 
any number of intervals, equal or unequal, by points (such as 2 in 
fig. 14). At the ends and points of division draw straight tangents 
(such as A Tj, Tj T3, To B), stopping at their first intersections with 
each other. Measure the total leugth of those tangents, and also 

the total length of the straight chords (such as A 2, 2 B). To the 
total length of the tangents add twice the total length of the chords, 
and divide the sum by 3; the quotient will be the approximate 
length required 

RuiiE C. By Tangents, — Let A B (fig. 15) be the curved line 
to be measured. Through its two ends, A and B, draw a pair of 
parallel lines in any convenient direction (but the more nearly that 
direction is perpendicular to 
a straight line from A to B 
the more accurate will the 
result be). Divide the dis- 
tance between those parallel 
lines into an even number of 
equal intervals, by means of 
intermediate parallel lines, 
cutting the curve in inter- 
mediate points, such as 1, 
2, 3. At each of these in- 
termediate points, and also 
at the ends of the curve, 
draw straight tangents ex- 
tending the whole way from 
one of the outer parallel 
lines to the other (as A T^, 

Multiply the lengths of 

those tangents in their order Fig. 15. 

by "Simpson's Multipliers" 

(as in Section I., Article 5, Rule A); add together the products, 

and divide their sum by the sum of the multipliers; the quotient 

will be the approximate length required 

Remabk.— The errors of the three preceding rules vary nearly as 
the fourth power of the (jmgvlar interval, or angle made by the 
tangents at the two ends of an interval ; hence the lengths of the 
intervals should be made least where the curvature is most rapid, so 
that the angular intervals may be nearly equal. The following are 
the proportionate errors in applying the rules to circular arcs 
with angular intervals of 30°; + meaning too great, and - too 
small ;— 
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Bule A, Error about — one-6,500tlL 

„ B, „ + one-4,000tlL 

„ C, „ + bne-250tL 

With half the angular interval, the errors are reduced in each case 
to one-sixteenth. 

HuLE D. For Area o/SmaU Curvature. — In fig. 16, let A B be 

the arc to be measured. Draw the straight 
chord B A; produce it to C, making A C 
= ^ B A; about C, with the radius C B 

g . ^ =|-BA, draw a circle; then draw the 

p. .Q straight line A D, touchiog the arc A B 

^' ' in A, and meeting the last mentioned 

circle in D; AD will be nearly equal to the arc A B. 

For a circular arc of 30® the error of this rule is about + one- 
14,400th; and it varies nearly as the fourth power of the angular 
interval 

Bule E. From a given Point, to set off a given Length along a 
'"^ Curved Line, — In fig. 16a, let A D be part of 

the given curve; A the given point, and A B a 
"A straight line of the given length, drawn so as to 
touch the curve at A. In A B take A C = i 
3> A B; and about C, with the radius CB = f A B, 

Fig. 16a. draw a ciroular arc B D, meeting the given curve 
in D. The arc A D will be very nearly equal to A B. 

Bulb F. To reduce a "Eolled Curve** to an equal Circular 

Arc, — Let D E be a base 

^ line of any figure, upon 

3^,^ X """^ which a disc of any figure 

i^^^\ \ rolls; a point, B, in that 

^^"^^ * 1^ I disc traces a "rolled 

curve,** P B H. The 
rolling radius at any 

.^ ^^^ instant is the distance, 

^ \ B B A, from the tracing- 

^e- ^'- point, B, to the point of 

contact. A, of the disc and base line, and is everywhere perpen- 
dicular to the rolled curve. 

Divide the whole angle through which the disc turns in describing 
the given curve by rolling, into an even number of angular inter- 
vals, corresponding to an odd number of intermediate positions 
of the disc; measure the rolling radii corresponding to those 
intermediate positions, and to the endmost positions Multiply 
the series of rolling radii by the multipliers in Simpson's first rule 
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(Section I., Article 5, Rule A^; add together the products; divide 
their sum by the sum of the multipliers; the quotient will be the 
fnean rolling radius. Then with the mean rolling radius describe 
a circular arc subtending an angle equal to the to^ angle through 
which the disc turns in rolHng; that arc will be nearly equal in 
length to the given rolled curve. 

Instances of the application of this to particular cases will bo 
given in Article 3 of this Section, Eule C^ and in Articles 4 and 5. 

2. Circle. — The incommensurable ratio of the circumference of a 
circle to its diameter is denoted by «•. The following are approxi- 
mations to its value^ of various degrees of accuracy : — 

Approximate Value of r. Error, aboat 

3-1415926536- + one-300,000,000,000th. 

3-141593- + one-9,000,000th, 

3-1416- + one-400,000th. 

355 

Yj^- +one-13,000,000tL 

377 

Y2^- + one-40,000th. 

360 

jjj:g + -one-13,000th. 

22 

y- + one-2,500th. 

For the approximate value of «• to 250 places of decimals^ see 
Bierens de Haan on BejmiU IntegrdU. 
For particular results, see Table 5. 

3. A Circular Arc may be measured by any of the preceding 
general rules, especially Rule D, page 76; also by the following 
special rules : — 

Rule A. By (7aZct<toi(wi.-^Multiply 2 x by the ratio which the 
arc bears to a whole circle; the product will be the ratio which the 
arc bears to its radius. 
^ Rule B. By Constructum, — In ^g. 18, let C be the centre of the 
circle, and A B the arc to be measured. 
Bisect the arc A B in D, and the arc A D 
in R Draw the straight tangent A F, and 
the straight secant C E F, cutting each other 
in F. Draw the straight line F B. Then 
A F + F B will be approximately equal in 
length to the arc A B. 

The error of this rule for a circular arc 
equal in length to its radius is about 
+ one-4,000th part of the length of the arc; 




Fig. 18. 
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Fig. 19. 



and it varies nearly as the fourth power of the angle subtended by 
the arc. 

BuLE C. From a given Faint on a given Circle to lay off an Arc 
approxinuUdy equal in length to a given Straight Line. — In fig. 19, 

let A be the given point, and A D part of the 

given circle. At A draw the straight tangent 

A B of the given length. In A B take A 

= j; A B; and about C, with the radius C B = | 

A B, draw the circular arc B D, cutting the 

given circle in I^. Then the arc A D will be 

nearly equal in length to A B. 

The error of this rule for an arc equal in length to its radius is 

about + one-l,000th part of the length of the arc; and it varies 

nearly as the fourth power of the angle subtended by the arc. 

BuLE D. To Construct a Circular Arc nearly equal in length to a 
given Straight Line, and subtending a given Angle, — ^In fig. 19, let 
A B be the given straight line. In A B, take A C = ^ A B; and 
about C, with the radius C B = I A B, draw a circle B D. From 
A draw the straight line A D, making the angle B A D r= one- 
half of the given angle, and cutting the circle B D in D. A and 
D will be the two ends of the required ara Then, by the usual 
method, draw the circular arc A D so as to touch A B in A, and 
pass through the point D; this will be the arc required. The error 
of this rule is the same with that of the preceding rule. 

4. Elliptic Arc* — To construct a circular arc approximately equal 

to a given arc, C D, fig. 20, not 
exceeding a quadrant of an 
ellipse whose semi-axes O A 
and O B are given. 

In &g. 21 draw a straight 
line, in which take E F = O B 
and F G = O A Bisect it*in 
H; and about that point, with 
the radius H F = H K = 

OA-OB , ., . , 

^ , describe a circla 

Mark the points c and d in 
that circle, by laying off E <? = 
OCandErf= OD. 

Then divide the arc cd into 




Fig. 20. 



an even number of equal intervals, as the case may be, and measure 
the distances from the ends of the arc and the points of division 
to G; these will be rolling radii of the ellipse, as generated by 
rolling a circle of the radius E H inside a circle of the radius 
E G, the tracing-point being at the distance H F from the centre 
of the rolling circle; multiply those rolling radii in their order by 
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Simpson's multipliers (Section I., Article 6, Rule A); divide the 
sum of the products by the sum of the multipliers; the quotient 
will be the radius of the required drcular arc 




Fig. 2L 

Then in fig. 20 describe a circle about O with the radius O A; 
through C and D draw straight lines parallel to O B, cutting that 
circle in T and A; join O F, O A; and about the centre^ O, with 
the mean rolling radius already found, describe the circular arc 
M l^y bounded by the straight lines O T, O A,; this will be the 
reqtUred circular arc approximately equal to the elliptic a/rc C D. 

The circular arc may then be measured by the rules of Article 3 
of this Section. 

The following are examples of the errors of this rule, when 
applied to an entire elliptic quadrant divided into two intervals 
only. For greater numbers of intervals, the errors vary inversely 
as the fourth power of the number of intervals, or nearly so : — 

Se^^-Su siSSia Eccentricity. ^r^^Ji!?? ^^^^ ^"• 

I -7071 7071 1350^ 1*3538 '0032 
I '8000 '6000 1-4184 1*4195 •0011 

I '8660 '5000 1*4675 I '4 68 1 •0006 

5. Common Pavaboia.— In fig. 16 (page 76) let A be the vertex 
of a common parabola, and A B an arc to be measured, commenc- 
ing at the vertex. 

For a rough approximation, use Kule D of Article 1 of this Sec- 
tion. Tor purposes of precision, proceed as follows :— 

Draw the tangent at the vertex A C, on which let fall the per- 
pendicular B C, and measure the lengths of those lines. Call A 
the ha^Cy and B C the height. 

To the square of the height add one-fourth of the square of the 
base, and extract the square root of the sum. Call this the doping 
tangent 

Divide the square of the base by four times the height Call this 
iike focal distance' 
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To the sloping tangent add the height ; divide the sum. by half 
the base; take the hyperbolic logarithm of the quotient. Multiply 
that logarithm by the focal distance. 

To the product add the sloping tangent; the sum will be the 
required arc.* 

6. Cutmuurf — ^In fig. 22 the horizontal straight line through O ia 

the directrix of the catenary; the 
vertical line O A is its parameter, on 
which all its dimensions depend; A 
is the vertex, or lowest point of the 
curve; B another point; X £ a ver- 
tical ordinate from the dii'ectrix to 
the point B; O X the correspond- 
ing aJbciasa, or horizontal distance 
from O. 

Bulb A — Given, O A and X B; to find the arc A B. 
By construction: — On X B as a hypothenuse construct the 
right-angled triangle X T B, making X T = O A; then will 
T B = the arc AB. (T B is a tangent to the curve at R) 
By calculation :— A B = J (X B^ - O A*). 
Rule B.— The aa-ea 0ABX=0AxarcAB = 2x triangle 
XTR ^ 

Rule C— Given, O A and X, to find X B and A B. 

Divide O X by A; find the hyperbolic antilogarithm of the 
quotient (see Table 3), and the reciprocal of that antilogarithm. 

For the ordinate A B, multiply O A by the half-supoi of the 
antilogarithm and its reciprocal 

For the arc A B, multiply O A by the half-difference of the 
same quantities, t 

Addendum to Section I. 

A Platometor or Piudmeicr is an instrument for measuring 
plane areas on paper. A point is made to travel round the 

♦Insyinbolfl,letAC = aj, CB = y,andthearcAB=«. Then 



2 
t In symbols, let A = m; X = jc; X B = y; arc A B s g; then 

y "^ 2\e^ + e"""j; 8 = Vy« — m« " 2 (^e* — c~-j' 
area Jyrfa: = wi«= ^I (e«_e'"-)' 



JB = m • hyp. log. l^-ti. 

m 
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boundary of the figure to be measured; and when that point has 
returned to the spot from which it started, the area enclosed by 
the boundary is indicated on one or more graduated circles. The 
simplest instrument of this kind is Amstler*s. 

Addendum to Section IV. 

BeetUlcatioit of Cnrres by an Itutmment. — An instrument for 
rectifying curves on paper consists of a small wheel, milled, and 
sometimes spiked on the rim, and turning upon a fixed spindle 
which has a fine screw thread cut upon it. At one end of the 
spindle is a shoulder, to limit the motion of the wheel in that 
direction. 

The wheel being made to bear against the shoulder, is placed 
"with its rim resting on the commencement of the curve to be recti- 
fied. It is then made to run along the curve in such a direction 
that, in revolving, it screws itself away from the shoulder. Having 
arrived at the farther end of the curve, it is lifted, and set down 
at a point marked on a stiaight line; it is then run along the 
straight line so as to revolve the contrary way, and screw itself 
bsu^k towards the shoulder. "When it has returned to the shoulder 
from which it started, its point of contact with the straight line is 
marked; and thus is obtained a straight line equal in length to the 
given curve. 

Section Y. — Centres of Magnitude, 

By the Tnagnittide of a figure is to be understood its length, area, 
or volume, according as it is a line, a surface, or a solid. 

The Centre of Magnitude of a figure is a point such that, if the 
figure be divided in any way into equal parts, the distance of the 
centre of magnitude of the whole figure from any given plane is 
the mean of the distances of the centres of magnitude of the several 
equal parts from that plane.* 

1. syniinetrica] Figure.— If a plane divides a figure into two sym- 
metrical halves, the centre of magnitude of the figure is in that 
plane; if the figure is symmetrically divided in the like manner 
by two planes, the centre of magnitude is in the line where these 
planes cut each other; if the figure is symmetrically divided by 
three planes, the centre of magnitude is their point of intersection ; 
and if a figure has a centre offigv/re (for example, a circle, a sphere, 

* The centre of magnitude of an uniformly heavy body is the same with 
its eeniJbre of gravity; of which point mention will again be made further on. 

The geometrical moment of any figure relatively to a given plane is the 

product of its magnitude into the perpendicular distance of its centre from 

that plane. 

^ G 
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an ellipse, an ellipsoid, a paraUelogram, ice,), that point is its centre 
of magnitude. 

2. c^mpoHMd Fignre.— To find the perpendicular distance firom a 
given plane of the centre of a compound figure made up of parts 
whose centres are known. Multiply the magnitude of each part 
hj the perpendicular distance of its centre from the given plane ; 
distinguish the products (or moTnerUs) into positive or negative 
according as the centres of the parts lie to one side or to the other 
of the plane; add together, separately, the positive moments and 
the negative moments : take the difference of the two sums, and 
call it positive or negative according as the positive or negative 
sum is the greater; this is the resuUarU moment of the compound 
figure relatively to the given plane ; and its being positive or nega- 
tive shows at which side of the plane the required centre lies. 
Divide the resultant moment by the magnitude of the compound 
figure; the quotient will be the distance required. 

The centre of a figure in three dimensious is determined by 
finding its distances from three planes that are not parallel to each 
other. The best position for those planes is perpendicular to each 
other; for example, one horizontal, and the other two cutting each 
other at right angles in a vertical line. To determine the centre 
of a plane figure, its distances from two planes perpendicular to the 
plane of the figure are sufficient. 

3, Compoamd Figure of Two Parts. — Let a compound figure, as 

in fig. 23, consist of two parts, and 
let their separate centres, A and B, 
be known. Draw and measure the 
straight line A B; multiply its length 
by the magnitude of either of the 
parts, and divide by the whole magni- 
tude; the quotient will be the distance 
of the centre, C, of the whole figure 
from the centre of the other part; 
and C will lie in the straight line 
AB. 

^*S' 23. pn symbols, let A and B denote 

the magnitudes of the parts, and A -f B that of the whole figure; 
then 




A0 = 



BAB 
A + B 



BC = 



A'AB 
A + B 



] 



4. Compoamd Figure formed by Subtraction. — From the larger 

figure in fig. 24, whose known centre is A, let a part whose known 
centre is B be taken away. Draw and measure the straight line 
B A. The centre, C, of the remaining figure will lie in B A, pro- 
duced beyond A To find the distance A C, multiply B A by the 
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jnagnitude of the part taken awaj^ and divide by the magnitude of 
the remaining figuiu 

[In symbols^ let A be the magnitude of the original figure, 
B that of the part taken away, and A - B that of the remaining 
figure. Then 



CA 



BB AT 



5. FigHV^ CnhaMged by Shifllng a Part.— In ^g. 25 let C be the 

original position of the centre of a figure; let the figure be changed 




Fig. 24. Fig. 25. 

in shape, but not in magnitude (from the dotted outline to the 
plain outline), by shifting part of it ; and let A be the original 
position, and B the new position of the centre of the part shifted. 
Draw and measure the straight line A B. Through C draw C D 
parallel ..to and pointing in the same direction with A B j and 
make 

' ^ ^ A B X magnitude of part shifted ^ 

"" magnitude of whole figure ' 

D will be the new position of the centre of the figure. 

6. Amj Plane Area. — ^To find, approximately, the centre of any 
plane area. 

KuLE A — Let the plane area be that represented in fig. 3 (of 
Section I., Article 5, preceding). Draw an axis, AX, in a con- 
venient position, divide it into equal intervals, measure breadths at 
the ends and at the points of division, and calculate the area, as 
in Section I., Article 5. 

Then multiply each breadth by its distance from one end of the 
axis (as A); consider the products as if they were the breadths of 
a new figure, and proceed by the rules of Section I., Article 5, to 
calculate the area of that new figure. The result of the operation 
will be the moment of the original figure relatively to a plane per- 
pendicular to A X at the point A 
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Divide the moment by the area of the original figare; the qaotient 
will be the distance of the centre required from the plane perpen- 
dicular to A X at A. 

Draw a second axis intersecting A X (the most convenient 
position being in general perpendicuLir to A X), and hj a similar 
process find die distance of the centre from a plane perpendicular 
to the second axis at one of its ends; the centre will then be 
completely determined. 

Rule B. — If convenient, the distance of the required centre 
from a plane cutting an axis at one of the intermed£Ate points of 
division, instead of at one of its ends, may be computed as follows : — 
Take separately the moments of the two parts into which that 
plane divides the figure; the required centre will lie in the part 
which has the greater moment. Subtract the less moment from 
the greater; the remainder will be the reauUarU moment of the 
whole figure, which being divided by the whole area, the qaotient 
will be the distance of the required centre from the plane of 
division. 

Remark. — ^When the resultant moment is = 0, the centre is in 
the plane of division. 

Rule C. — ^To find the perpendicular distance of the centre from 
the axis A X. Multiply each breadth by the distance of the 
middle point of that breadth from the axis, and by the proper 
"Simpson's Multiplier" (Section I., Article 5); distinguish the 
products into right-handed and lefb-handed, according as the middle 
points of the breadths lie to the right or left of the axis; take 
separately the sum of the right-handed products and the sum of 
the left-handed products; the required centre will lie to that side 
of the axis for which the sum is the greater; subtract the less sum 
from the greater, and multiply the remainder by ^ of the common 
interval if Simpson's first rule is used, or by f of the common 
interval if Simpson's second rule is used; the product will be 
the resuUant moment relatively to the axis A X, which, being 
divided by the area, the quotient will be the required distance 
of the centre from that axis.* 

7. Anr Solid. — To find the perpendicular distance of the centre 
of magnitude of any solid from a plane perpendicular to a given 
axis at a given point, proceed as in Rule A of the preceding 
Article to find the moment relatively to the plane, substituting 

* The rules of this Article are expressed in symbols as follows : — ^Let x and 
y be the perpendicular distances of any point in the plane area from two 
planes perpendicular to the area and to each other, and xq and y^ the per- 
pendicular distances of the centre of magnitude of the area from tiie same 
planes; then 

(A) xo = Z/pl±y ; (B) y, - yMl^. 
jjdxdy JJdxdy 
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Fig. 26. 



sectioned areas for breadths; then divide the moment by the volume 
(as found by Section III., Article 5); the quotient will be the 
required distance. 

To determine the centre completely, find its distances from three 
planes, no two of which are parallel. In general it is best that 
those planes should be perpendicular to each other. 

8. Anj canred liine. BuLE A. To find opproximatdy the 
Centre of MagnUvde of a very 
Flat Cv/rved Line, — In fig. 2^ let 
A D B be the ara Draw the 
chord A B, which bisect in C; 
draw C D (the deflection) perpen- 
dicular to A Bj make D E = J C D; B will be the centre, 
nearly. 

For an arc of a cycloid, with the chord A B parallel to the base- 
line, this rule is exact. For a flat circular arc subtending a degrees, 
D £ is too small by the fraction i(^S\(^(^ of its length, nearly. 

BuLE B. — When the Curved Line is not very flaty divide it into 
very flat arcs; find their several centres of magnitude by Bule A, 
and measure their lengths by one of the rules of Section IV., 
Article 1; then treat the whole curve as a compound figure, 
agreeably to the niles of Article 2 of this Section. 

9. Special Fignreik I. Trianole (fig. 27). — ^From any two of 
the angles draw straight lines to the middle 

points of the opposite sides; these lines will 
cut each other in the centre required; — or 
otherwise, — ^from any one of the angles draw 
a straight line to the middle of the opposite 
side, and cut off one-third part from that line, 
commencing at the side. 

II. QuADBiLATEBAL (fig. 28). — Praw the two diagonals A C and 
B D, cutting each other in E. If the 

quadrilateral is a parallelogram, £ will 
divide each diagonal into two equal parts, 
and will itself be the centre. If not, one 
or both of the diagonals will be divided 
into unequal parts by the point £. Let 
B D be a diagonal that is unequally 
divided. From D lay off D F in that 
diagonal = B £. Then the centre of 
the triangle F A C, found as in the 
preceding mle, will be the centre required. 

III. Plane Polygon. — Divide it into triangles; find their 
centres, and measure their areas; then treat the polygon as a com- 
pound figure made up of the triangles, by the rules of Article 2 of 
this Section. 




Fig. 27. 




Fig. 28. 
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Fig. 29. 



lY. Prism, or Cylinder with Plaite Parallel Endb. — Find 
the centres of the ends; a straight line joining them will be the 
axis of the prism or cylinder, and the middle point of that Hne will 
be the centre required. 

Y. TSTRAHEDROK, OR TRIANGULAR PtRAMID (fig. 29). Bisect 

M Rnj two opposite edges, as A D and 

B 0, in £ and F; join E F, and 
bisect it in G; this point will be the 
centre required. 

YL Ant Ptramid or Cone 
WITH A Plane Base. — Find the 
centre of the base, from which draw 
a straight line to the summit; this 
will be the axis of the pyramid or 
cona From the axis cut off one- 
fourth of its lengthy beginning at 
the base; this will give the centre required. 

YIL Any Polyhedron or Plane-paced Solid. — ^Divide it 
into pyramids; find their centres and measure their yolumes; then 
treat the whole solid as a compound figure, by the rules of Article 
2 of this Section. 

YIII. Truncated Pyramid or Cone. — Find the respectiye 

yolumes and centres of magnitude of the entire pyramid or cone, 

and of the part cut off; then find the centre of the remaining part 

by the rule of Article 4 of this Section. 

IX. Circular Arc — In fig. 30 let A B be the arc, and C the 

centre of the circle of which it is part 
Bisect the arc in D, and join C D and A R 
Multiply the radius C D by the chord A B, 
and divide by the length of the arc ABB; 
lay off the quotient C £ upon C D; E 
will be the centre of magnitude of the 
arc. 

X. Circular Sector, C A I) B, fig. 30. — 
Find C E as in the preceding rule, and 
make C F = | C E; F will be the centre required. 

XL Sector of a Plane Circular BiNa — In fig. 31, let C B be 
the outer, and C A the inner radius of the ring. Divide twice 
the difference of the cubes of the outer and inner radii by three 
times the difference of their squares; the quotient will be an inter- 
mediate radius, C D, with which describe an arc, D E, subtending 
the same angle with the sector. The centre of magnitude, F, of 
the arc B E, found by Bule IX. of this Article, will be the centre 
required. 

XII. Circular Segment, A D B, fig. 30. — ^Find the respective 
centres of magnitude of the sector C A D B, and the triangle 
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CAB, irkicli, being taken from the sector, leaves the segment; 
then, by the rale of Article 2 of this Section, find the centre of 
magnitade of the segmenti 





Fig. 82. 

XIIL Parabouo Half-Segment. — ^In fig 32 O A B represents 
a half-segment of a parabola ; O A being part of a diameter parallel 
to the axis, and A B an ordinate conjugate to that diameter — that 
is, pcurallel to a tangent at O. Make O D = f O A, and draw 
D C parallel to A B and s f A B; will be the centre of magni- 
tade of the half-segment 

10. OentTM Vonnd by Parallel ProJeclloB«~By a pardlld pro- 

jection of a plane figure, or of a solid, is meant a figure resembling 
the original figure, but transformed by having its dimensions in 
one or more directions altered in given proportions, or by distortion ; 
subject to the limitation — ih(xt to every set ofpcvraUd straight lines, 
hearing given proportions to each other in the original figure, there 
shall correspond a s^ of pa/raUd straight lines in the new figure, 
bearing the same proportions to each other. For example, — all 
triangles are parallel projections of each other; so are all triangular 
pyramids; so are all circles and ellipses ; so are all spheres, spheroids, 
and ellipsoids; so are all circular and elliptic cylinders; so are 
all conea 

Rule. — The centre ofmagnitvde of a pkme or solid figure, wldch 
is derived hy paraRd prqjection from another figure, is tlie paralld 
projection of the centre ofmagniitule of the original figure. 

Bemark. — It is to be observed that this rule applies neither to 
curved lines nor to curved surfiEtces, but only to plane areas and 
to solid& 

Example. — EUiptic Sector, O G !>', fig. 33. Let be the centre 
of the whole ellipse; A O A its greater, and B O B^ its lesser axis. 
About O, with the radius O A, describe a circle, A B A B. This 
will be a parallel projection of the ellipse.* Through C and D* 
draw E C and F D' D parallel to O B, cutting the circle in 

* Becaiue every ordinate of the ellipse, such as X T', narallel to F, 
besn a confltaiit proportion to Uie corresponding ordinate X x of the circle- 
Tic, that of OB": OB. 
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C and D; join 0,0 D; the circular sector O C D -wiU be a 
parallel projection of the given elliptic sector. Find, by Rule X. 

of Article 9, the centre of magni- 
tude, G, of the circular sector; and 
through it draw G H parallel to 
B O. Then 

B : O B' : : H G : H G'i 

and G' will be the centre of mag- 
nitude of the elliptic sector. 

11. Tolnme Swept bj m. BE^Tteg 

Pbuie.— Let the centre of magni- 
tude of a plane figure move along 
any path, straight or curved, and 
let the plane figure at every in- 
stant be perpendicular to the 
direction of that path ; the volume 




Fig. S8. 



of the space swept through by the plane figure is the product of the 
area of that figure into the length of the path of its centre. 

If any part of the plane figure moves hoickwardsy the volume 
swept by that part is to be subtracted from the volume swept by 
the part that moves forwards, in estimating the volume swept by 
the whole figure. 



Addenduil 
Table 7. — Regulab Polygons. 



Na 
of 

Sides. 



3 

4 

I 



9 

lO 

II 

12 

13 
14 

\l 

20 
24 



Name. 



Triangle, or Trigon, . 
Square, or Tetragon, 

Pentagon, 

Hexagon, 

Heptagon, 

Octagon, 

Enneagon, 

Decagon, 

HencEicagon, 

Dodecagon, 

Decatrigon, 

Decatetogon, 

Decapentagon, 

Deca6xagon, 

Icosagon, 

Icositetragon, 



Side = X. 



Semi- 
diameter. 



0-5774 
07071 

0-8507 

IXXXX) 

1 1524 

1-3066 
I -4619 
I -6180 

1 7747 

1*9319 
2-0893 

2-2470 

2-4049 

2*5629 

3-1962 

3-8306 



Area. 



0-4330 
I'OOOO 
I -7205 
2-5981 

3*6339 
4-8284 

6-i8i8 

7-6942 

9-3656 

1 1 -1962 

13*1858 

15*3345 
17*6424 

20*1094 

31*5688 

45*5745 



Semi-diameter = z. 



Side. 



1-73205 
1*41421 

1*17557 

IXXXX}0 

0*86777 

0*76537 

0*68404 
0*61803 

0-56347 
0*51764 

0-47863 

0-44504 

0*41582 
0*39018 
0*31287 
0*26105 



Area. 



1*2990 
2-0000 

2*3776 
2*5981 
2*7364 
2*8284 
2*8925 
29389 

2-9735 
3*0000 

3 *0207 

3*0371 
3*0505 

3*0615 
3*0902 
3*1058 



BEGULAR POLYGONS. 



89 



The semi-diameter is measured from the centre of the polygon^ 
to an angle. 

To find the Side of a Regvlar Decagon hy ConsiructiaTk — ^In fig. 
34 let A B be the semi-diameter of the 
decagon. Draw B C perpendicular to A B, 
and = A A B; join A C, from which cut 
off C D = C Bj A D wiU be the side 
required. 

To find, very Tiea/rly, the Side of a Regul<i/r 
Heptagon hy Construction. — In fig. 35 let 
A B be the semi-diameter of the heptagon. 
Draw the equilateral triangle A C B. Divide 
A B into .200 equal parts, and take the point 
D at 89 of those parts from one end, and 111 
from the other end of A B. Join CD; this 
will be very nearly the side required, the error 
being practically inappreciable. 




k. 34. 




Table of Bhumbs (see next page). 



Fointa 

32. N., 

31. N.6.W., 

29. N.W.6.N., 326 15 

2a N.W., 315 00 

27. N.W.6.W., 303 45 

26. W.KW., 292 30 

25. W.6.K, 281 15 

24. W., 270 00 

23. W.6.S., 258 45 

22. W,aW., 247 30 

21. S.W.6.W., 236 15 

20. S.W., 225 00 

19. &W.6.S., 213 45 

18. S.S.W., 202 30 

^ I • CO. W .............. ...aS/x xO 

16. a, 180 00 



Angles East of North. 

360° 00' 
348 45 
337 30 



0° 

11 


00', 
15, 


22 


30, 


33 


45, 


45 


00, 


6^ 


15, 


67 


30, 


78 


45, 


90 


00, 


101 


15, 


112 


30, 


123 


45, 


135 


00, 


146 


15, 


157 


30, 


168 


45, 


180 


00, 



Points. 

0. K 

1. N.6.E. 

2. N.KE. 

3. KK6.K 

4. N.K 

5. N.E.6.E. 

6. E.N.E. 

7. E.6.N. 

8. E. 

9. E.6.S. 

10. E.S.R 

11. S.E.o.E. 

12. S.K 

13. b.E.o.o. 

14. S.S.E. 

15. S.6.E. 

16. *S, 



Quarter-point, = 2° 48' 45" 

Half-point, =5 37 30 

Three quarter-points, =: 8 26 15 
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PAET IL 

MEASUEEa 

Section I. — Measubes of Angler. 

1. The Sezagesiwai Sramn of angular measurement is as follows : — 
1 revolution = 4 right angles = 360 degrees; 1 degree = €0 
minutes; 1 minute = 60 seconda Seconds are nsuallj- subdi- 
vided into decimal fractions. As to CMVuUvr measure^ see Table 4 
in the preceding part of this worL 

2. The NaaUcai or BiBarr system used in the Mariner's compass 
is as follows : — 1 revolution » 32 points, each divided into halves 
and quarters; 1 point =11^ degrees (see preceding page\ 

3. The Cenieaiiiiar System of angular measurement is as lollows : — 
1 revolution = 4 right angles = 400 grades; 1 grade = 100 
minutes; 1 minute = 100 seconds. This system is found in some 
French works published towards the beginning of the nineteenth 
century, but is now little used. 

Section IL — Measubes op Time. 

1. Sidereal Hay. — The standard unit of time is the Sidereal Day, 
being the period in which the earth turns once round on its axis. 
It is divided into sidereal hours, minutes, and seconds; but these 
measures of time are used by astronomers only. 

2. Meaa Solar Time.— A SECOND is the time of one swlng of a 
pendulum adjusted so as to make 86,164*09 swing? in a sidereal 
day. Seconds are usually subdivided decimally. 

One MINUTE = 60 seconds. 
One HOUR = 60 minutes s 3,600 seconds. 
One MEAN SOLAR DAT = 24 hours = 1,440 minntes = 86,400 
seconds = 1*00273791 sidereal day. 

3. Tear*.— One TROPICAL YEAR = 365 days 5 hours 48 minutes 
49*7 seconds mean solar time, = 365*24224 mean solar days^ 
nearly. 

One COMMON tear = 365 days. 
One LEAP TEAR » 366 days. 



UEASUBISS OF TIUE. • 
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Yean of the GregoriAn Calendar. Days. 

Number of year in the Christian Era — 

Not divisible by 4 without remainderi 365 

Divisible by 4, but not by 100, 366 

Divisible by 100, but not by 400, 365 

Divisible by 400 [but not by 4,000],» 366 

[Divisible by 4,000, 365] • 

4. i»atc% €ItU and juitr*Momicai.— -The civil day is held (in 
Western Europe and in America) to commence at midnight. The 
astrononiical day commences at noon of the civil day having the 
same designation; that is, twelve hours later than the civil day. 
The civil year is held to commence at midnight of the 31st of 
December of the year preceding; the astronomical year commences 
at noon of the 1st of January of the civil year. 

5. Relation between Time and k<onsitnde« — ^At any given instant 

the mean solar time at two stations differs by an amount proportional 
to their difference of longitude, the time at the eastern station 
being the later. 

COBRESFONDIKa DIFFERENCES. 



liOngitndOL 


Time. 


Longitude. 


Time. 


15" 


t second. 


75^ 


5 hours. 


i' 


4 seconds. 


90 


6 ,. 


15' 


I minute. 


105 


7 ,, 


i« 


4 minutes. 


120 


8 „ 


15^ 


I hour. 


135 


9 » 


30 


2 hours. 


150 


10 „ 


45 


3 „ 


165 


II 9) 


60 


4 ,y 


180 


12 „ 



To show the exact date of any event, the meridian at which the 
time is reckoned must be specified. 

It is customary for civil and commercial purposes to reckon time 
at all places throughout Britain as for the meridian of Greenwich; 
local mean solar time being found for scientific purposes, when 
required, by calculation. 

At stations close to the two sides of the meridian of 180'' there 
is necessarily a difference of a whole day in the dates corresponding 
to the same real instant, the date at the western side of that 
meridian being the later. The position of the meridian of 180° is 
purely arbitrary, depending om the position assumed for the meri- 
dian of 0^, which is different in each different nation. 

6. l^iTteion* ef the Tear*— Intervals in days from the beginning 
of the first day of January to the beginning of the first day of each 
of the other calendar months :— • 

* The roles in brackets are an improvement proposed by Sir John Herschel, 
which cannot come into operation until A.n. ^1)00. 
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Commoa Year. Leap Yew. 



Common Year. Leap Year. 



January,... o 

February,.. 31 

March, 59 

April, 90 

May, 120 

June, 151 

A so-called "lunar" 
days.* 



31 

60 

91 
121 

152 



July- t8i 

September,.... 243 

October, 273 

November,.... 304 

December, .... 334 



182 
213 

244 
274 

305 
335 



month is four weeks, or twenty-eight 



Section III. — Measures of Length. 



1. The British Standard Yard is the distance, at the temperature 
of 62^ Fahrenheit, between two mai-ks on a certain bar which is 
kept in the office of the Exchequer, at Westminster.t 

2. The French metre is HlJo ff of l^e distance, at the tempera- 
ture of 13^ Reaumur (see pages 105, 106\ between the ends of a 
certain bar, called the "Toise of Peru" (see pages 93, 94), and is 
approximately one ten-millionth part of the distance from one of 
the earth's poles to the equator, j; The use of this measure, and 
others founded on it, is lawful in Britain, and a copy of the 
standard metre is kept in the Exchequer office. 

3. British BleasHrea of I«ength«— 





Inohea 


Feet 


Yarda. 


Statute Mllea. Metrea 


Inch § 

Hand 

Foot 

Yard 

Chain 


» I 

4 
12 

36 

792 


■= A 
* 

I 

3 

66 


i 

I 
22 


- flsieo - 0-02539977 

xrirt 0-10159907 

tAtt 0-30479721 

ttW 0-91439180 

^ 20*11662 


Furlong 
Mile 


7,920 
63,360 


660 

5,280 


220 
1,760 


^ 201*1662 
I 1,609-3296 



The Inch is subdivided — 

By artificers, sometimes into 12ths, or lines, but more 

commonly into binary divisions, as halves, quarters, Stbs, 

16ths and 32ds. 
By mechanical engineers, into decimal divisions, as lOths^ 

lOOths, l,000ths, and 10,000ths. 

* A mean lunation, or real lunar month, is approximately 29|, or more 
exactly, 29*53059 mean solar days ; 235 lunations nearly = 19 years, — a period 
called a lunar or Metonic cyde, 

f See '* Weights and Measures Act," 1855. Official copies of the standard 
yard are kept at the Boyal Mint, London, the Eoyal Observatory, Greenwich, 
the Kooms of the Koyal Society of London, and the Palace of Westminster. 

:|: The distance from the pole to the equator is not exactly the same on 
different meridians, (see pace 117). 

§ An inch is almost exactly one 500,500,000th part of the earth's polar 
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The Haio) is used for heights. of horses and girths of spar& 

The Foot is subdivided decimally by civil engineers. 

The Yaxd, in Cloth Measure, is subdivided binarily, into 

halves, quarters^ half-quarters, and nailSy or 16ths of a 

yard. An English Ell is H yard, or 45 inches. 
The Chain, in Land Measube, is subdivided into 4 poles or 

perches (each of 5^ yards) and 100 links (each of 7'92 

inched). 
A Fathom is two yards. 

The Geographical, Nautical, or Sea Mile, or Knot, depends 
on the dimensions of the earth, which are known approximately 
only. The foUowing are estimates of its value : — 



Feet %*!J® Metres 

^^^^' nS^. "•*'^y- 

6,o86 I 1527 1,855 



Mean length of one minute of 

longitude at the equator; 

being the nautical mile by 

Admiralty Begulation, 

Mean length of one minute of i: ^^/r ,.,.*«q ,0- 

latitad? I ^'"^^ ^^508 1,853 

A League is three nautical miles. 

The nautical mile is sometimes subdivided into 10 cables and 
1,000 fathoms; the fathom thus obtained being about one-SOth 
part longer than the common fathom. 

4. FreMck Btetrlcal IHcaswrvs of Ijcagth. — 

Metres. British Measorea. 

Millimetre, o'ooi = 0*03937043 incL 

Centimetre, 0*01 

Decimetre, o'l 

Metre, ( = t*l«tToise), i =3-2808693 feet. 

Decametre, 10 

Hectometre, 100 

Kilometre, 1,000 = 0*6213768 mile. 

Myriametre, 10,000 • 

The French no3m^= British nautical mile. 
Log. feet in a metre = 0*5 159889356. 

5. Old Scottish and Irish measures of Ijength. — 

The Ibish Perch = 7 yards = 44 imperial perch. 

The Irish Mile = 320 Irish perches = 2,240 yards = {^ 

statute mile. 
The Scottish Inch = 1*0162 imperial inch. 
The Scottish Ell = 37 Scottish inches = 37*06 imperial inches 

= 3-0883 imperial feet. 
The Scottish Fall = 6 Scottish ells = 18*53 imperial feet 
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The Scottish Mile = 320 falls = 1,920 ells == 5,929*6 imperial 

feet ~ 1*123 statute mil& 

Each of those imles was divided into 8 furlongs, aad 80 
chains. 

As to Scottish measures, see Buchanan's Weights and Measures, 
Edinburgh, 1829. 

6. Tari«ns nicaMircs of Ii«Bgth« — 



Unitsd Stated, aa in Biitain. 
India — 
Hath or havt (cubit), 

Cobs (mile) = 4,000 cubits,. .. 

Russia — 

Foot s 12 inches, 

Sac^en or sag^ne, 

Verst (500 sashen), 

Prussia, Dsnmabk, Norway— 

Foot =s 12 inches, 

Buthe(rod) = 12 feet, 

Mile = 24,000 feet, 

Austria — 

Foot =3 12 inches, 

Klafter = 6 feet, 



Mile = 24,000 feet,. 



British HeasmnML 

i8 inches. 

!6,ooo feet. 
= I '13d stat nule. 

I foot. 
7 feet. 
3»S«) „ 

I "02972 foot. 
12*3^664 feet 
(24,713-28 
( = 4*6So6 stat miles. 



I '037 1 J foot 
6*22278 feet 
524,891*12 „ 
( =47142 stat miles. 

German geographical mile, I 4 geographical miles. 

German sea-mile, I geographical mile. 

Sweden — 

Foot =3 12 inches, , 

Fathom = 3 ells = 6 feet, 

Mile a 6,000 fathoms, 

Netherlands — 

Palm, 

El, 

Myle, 

Belgium, Italy, Portugal, 
Spain— -French Metric Mea- 
sures. 

China — 

Chih(foot), 

Chang = 10 chih, 

Li = 180 chang, 

Old French foot = 12 inches = 

144 lines, 

Old French Toise = 6 feet, 



0*97410 foot 
5*8446 feet 

\ 3S»o^*6 

( = 6*6116 stat. miles. 

3*937043 inches, 
3*2808693 feet 



metres. 



0-4572 
j- 1,828*8 

0*3048 
2*1336 
l,o66'8 

0*31385 
3*7662 

} 7,532*4 

0*31611 
1*89666 

} 7,586*64 

7,408 nearly. 
1,852 nearly. 

0*2969 
1 7814 

j- 10,688*5 



\ 3,280-8693 
( =o- 



,) 



6213768 statmiL 



I -054 foot. 
10*54 feet 

81,897 feet 
= 0*3593 stat mil& 

{ I -0657556 foot 



} 



o*i 
i*o 



1,000 



} 



0*32125 

3*2125 

578*25 

o'324S3939 
1-94903632 



6*3945335 fee** 
Log. feet in a toise, 0*8058088656. - 
For the measures of length used in various States of Geimany, 
see cler Ingenieur, by Dr. Julius Weisbach. 
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Sbohon IV. — Measures op Area, 



1. Brilliilt RKeaniMS of 



Used ik Science and in Engi- 
neering — 
Sq. inch (decimally subdivided), 

Ifoot X linch, 

Square foot (decimally or duo- 

dedmally subdivided), 

Square yard, 



Square mile, •••••... 

Lakd Measure — 

Perch, 

Sq. chaia (= 10,000 sq. links), ... 

Kood = 40 perches, 

Acre = 4 roods = 10 sq. chains, 
Used in the Arts — 

Square (of roofing or flooring),..... 

Bood (face of masonry), 

Bod (face of brickwork), 



Sq^InoheB. 



} 



I 
12 

144 



1,296 

Sq. Tarda. 
3,097,6CX) 

484 
1,210 
4,840 



36 



S(|.FMi 



Til 

1 

I 

9 

27,878,400 

272J 

4.356 
10,890 

43»56o 

100 

324 
272 



Sq. MetreB. 

oxxx)645i48 
0-007741775 

Q '092901 3 
0*836112 

2*589,941 

25*292 

404*678 

1,011*696 

4,046*782 

9*29013 
30*1 
25*269 



2. French Metric measures of Area.— - 



Science and 
Engineeriiig. 

Sq. millimetre,... 
Sq. centimetre,.. 
" . decimetre,... 



Sq. metre, = 

Sq. decametre,= 
Sq.liectometre,s 



Land. 



Milliare, 

Centiare, 

Deciare, 

Are, 

Becare, 

Hectare, 



Square Metres. 

O'OOOOOI 
O'OOOI 

0*01 
0*1 
i*o 
10 
100 
1,000 
10,000 



British MeaBiire& 



=0* 
O* 



-0*00155003 sq. inch, 
0*155003 s^. mch. 
15*5003 sq. mches. 
1*07641 sq. foot. 
10*7641 sq. feet. 
107*641 sq. feet. 
1,076*41 sq. feet. 
10,764*1 sq. feet. 
107,641 sq. feet =2*471 1 acres. 



3. Old 6c<rtti«lt and Irish liaad measures. — Irish acre = 4 roods =» 

196 
160 perches = 70,560 square feet = Y^, or 1*6198 imperial acre. 

Scottish acre = 4 roods =160 falls = 54,937 square feet = 1*2612 
imperial acre. 

4. Various measures of Area*— 



United States, as in Britain. 
Rdssia — 

Square fi>ot = 144 square in. ,. 

Square sashen = 4d square ft., 

I)es8atine= 2,400 sq. sashen,. 



British MeasnreB. 



I square foot. 
49 square feet. 
117,600 „ 
=2*69977 acres. 



Square Metrea 



||io. 



o "0929013 

4*55217 



925 
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Vabious Measubes of AREJL—amtinued, 



Fbussia^Bkkuabx:, Norway— 
Square foots 144 square in.,. 
Square rathe = 144 square ft., 

Morgen = 180 square rathen, 

• 

Austria — 
Square ft. = 144 square in., ... 
Square klafter » 36 square ft., 

Joch = 1,600 square klafter,... 

Sweden — 
Square ft. = 144 square in., ... 

TuDnland= 56,000 square ft, 

Netherlaitds — 
Square el, 

Bunders 10,000 square el,.-. 

Belqiuu, Italy, Portuqal, 
Spain — French Metric Mea- 
sures. 

Old French square foot » 144 
square inches, 






Brltlah HeMores 

1*06033 B^' ^<^^* 
1^2*6875 sq. feet 

27,48375 

= 0*63094 acre. 

1107564 sq. foot 
38*723 sq. feet 

s 1*47366 acre. 

0*94887 sq. foot 
53,13672 sq. feet 
= 1*21977 acre. 

10*7641 sq. feet 
107,641 

B 2*47 1 1 acres. 



I*I3S8 sq. foot 



Bquaie Mstm. 

0*09850 
141*85 

} 2,553'3 

0109993 
3*5975 

} 5,756 

01O8815 
} 4,9364 



} 



ItXXXX) 



10,000 



0*10553 



Section V. — Soud MEAsuBEa 



1. Brltldi Solid BI«MHn».—- 



Cubic inch (subdivided decimally), 

1 footxl inchx 1 inch, 

1 footxl footxl inch, 

Cubic foot (subdivided decimally or 

Duodecimally, 

Cubic yard, 

Load of hewn timber, 

Kood of masoniy^ (=36 square yards 

&ce X 2 feet thick), 

Rod of brickwork (= 272 square feet 

face X 134 inches thick), 

Ton of displacement of a ship, 

Ton registered of internal capacity of 

a 8hi|), 

Ton, shipbuilders' old measurement,... 



Cubic Inches. 



} 



I 

12 
144 

1,728 

46,656 



1 Cubic yarda 
} "i 



Cubic ft Cubic Metres. 



Trn 

I 
IT 



27 

50 

648 

306 

35 
100 

94 



otxx)oi6387 

oxx)Oi9664 

0-0023597 

0*0283161 

0764534 
1*4158 

18*35 

8*665 
0*9910624 
2*83161 
2*6617 
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2. — Wwemeh Metric Solid MeaMnrea.- 



Sciflnoeand 

Cabio millimetTe, 
Cubic centimetre, 
Cubic deciinetre^ 



Cubic metre. . . .. = 



Cubic decametres- 



Trade. 



Millistere, 
Centistere, 

Decistere, 

Ster^ 
Decastere, 
Hectostere, 
Kilostere, 



Cubic Metres. 

OtX)00000OI 
0*000001 

o-ooi 

O'OI 

O'l 

I'D 
lO 
lOO 
I,00O 



British MeMurea. 

otxxx>6io254 cubic in. 
0*0610254 „ 

610254 „ 

610*254 „ 

5 6,102-54 „ 

( a 3*53 1 56 cubic feet. 
353156 
353*156 
3»53i*56 
35»3i5'6 



3. Tailoas Boliil MeararMu— 

Unitzd States, as in Britain. 

EusaiA, cubic foot, 

Pbitssia, Denmark, Nobway, cubic ft., 

Attstbia, cubic foot 

Sweden, cubic foot, 

Kktheblanbs, cubic el) 

Beloium, ItalYj^ Pobtuoal, Spain — 

Piench metric measurea. 
Old French cubic foot, 



British Onblo Feet 

f 

1*09184 

1*11557 
0*9243 

35 '3156 



1*2105 



Cahio Metres. 

0*0283x61 

0*03092 

0*03159 

0*02617 

1*00000 



KoBWAY, last (of ship's displacement) » 2^ British tons nearly. 



0*03428 



Sechon VI. — Measures op Weight. 

1. The Scandard Pomtd Aroirdnpois is the weight, at the temper* 
ature of 62^ Fahrenheit, and under the atmospheric pressure of 
30 inches of mercury, in the latitude of London, and at or near 
the level of the sea, of a certain piece of platinum which is kept in 
the Exchequer Office at Westminster. 

2. The souidafd Kitograinme is the weight, at the temperature 
of the maximum density of water (about 4° Centigrade), and under 
the atmospheric pressure of 760 millimetres of mercury, in the 
latitude of Paris, of a certain piece of platinum which is kept in 
the French Archives. The use of weights founded on this standard 
is lawful in Britain, and a copy of it is kept in the Exchequer 
Office.* 

In the tables of the following articles the relative values of the 
pound avoirdupois and kilogramme are taken from Professor 
MiUei^s paper ''On the Standard Pound*' in the FhUodophiGo^ 
Tranaad/uma for 1856. 

* The kilogramme was at first intended to be the weight of a cubic 
decunefcie of pure water at its maximum density; but it is in fact some- 
what greater, 

H 
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3. Brltlah BIcaMUM •f Welghc — 

Grftlna 

Avoirdupois Wkioht — 

]>ram, 

Ounce = 16 drams, 

Found s 16 ounces, 

Stone, j- 

Quarter s 2 stone, 

Cental, 

Hundredweight = 8 stone 

Ton = 20cwt, 

Tboy and Apothscabies 
Weight — 

Grain, 

Scruple (Apoth.), 

Penny weient {Troy), 

Dracnm (Apoth.) = 3 
scruples 

Ounce = 20 dwt. \ 

s 8 drachms, ./ 

Pound = 12 oz., 

Diamond Wbioht — 

Diamond srain, o*8 

Carat = 4 <uamond grains, 3 *2 



'} 



27*34375 

437*5 
7,000 

Ton. 

o'oo625 

0*0125 

0-05 
I 

QniDA 

I 
20 

24 

60 

480 
5.760 



Lba. 
AToirdupols. 

0*00390625 

OX)625 

I 



14 

28 

100 

112 

2,240 



000205714 

oxx)3428s7i 
0-00857143 



0*06857x43 
0*82285714 






4. French Oletrie Bleararas of Welghc^- 

Orammea. 



o*ooi 
o*oi 

O'l 
I'O = 

10 

100 

1,000 »= 

10,000 

100,000 

1,000,000 = 



Milligramme, 

Centigramme, 

Decigramme , 

Gramme, , 

Decagramme, , 

Hectogramme, , 

Kilo^mme, 

Myriagnunme, 

Quint^ 

Tonneau (in shipbuild-) 
ing) or millier, | 

5. Tarlons BIcamres of Weiglit.— 

United States, as in Britain, with the 
following exception: — 

Quintal, * 

Russia— 

Pound = 32 loth = 96 solotnik, 

Berkowrtz = 10 pud = 400 pounds,... 
Gebhan Zollyebein, Dbnmakk, Nob- 
way — 

Pound, 

Centner = 100 pounds, 

Austbia— 

Pound = 32 loth, 

Centner = 100 pounds, 



Gmnmea. 

1 7718463 
28-3495408 

4535926525 

6,350297135 

12,700*59427 
451359*26525 
50,802*37708 
1,016,047*5416 

0*06479895 

1*295979 

1-5551748 

3887937 
31*103496 

373241952 

0*05183916 
0-20735664 



BritlBh MeMorea. 



15 '43234874 gnuM. 

. > • 

2*20462125 lbs. avoirdupois. 

• •• 

• •• 

0*9842059 ton. 



Britiah MeaBoroB. 
100 lbs. 

0*90283 
361*132 



1*10231 
110*231 

1*2346 
123*46 



GnXDXDfiSL 

45,359-26525 
409*52 

i63,8o& 



500* 
50,000* 

56o*oia 
56,001*2 
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Vabious MsAflUBSs OF WjEiGKr— ooiitfmced 



SWBDSN — 

Skalpund = 32 loth, , 

Skeppnnd = 400 skaipimd, 

KBTHKBIiANDS — 

Pond = 10 Onoena 100 Looden= 1,000 

Wigtjea, 

BsLaiuM, Italy, Spain, Pobtuoal — 

YieDch Metnc Measures. 
China — 

Gin or Catty = 16 tael or lyang, 

Picnl =s 100 catties, 



BritlBh Ueasorei. 

o*9377 
375-<» 

I* 2*20462 



i^ lb. avoir. 
133} M 



Gmnmea. 
425*3395 



425*3; 
>, 135*8 



170, 
IjOCX)" 



60479* 
60,479. 



SEcmoN VIL — Measures op Capacity. 

1. The Standard Gallon is the volume of 10 lbs. avoirdupois of 
pure water^ at the temperature of 62° Fahrenheit, and under the 
atmospheric pressure of 30 inches of mercury. At that tempera- 
ture iike volume of water is 1*001118 times its minimum volume. 

2. The Standard lAtre is the volume of a kilogramme of pure 
water, at its temperature of maximum density (about 4° Centigrade), 
and under the atmospheric pressure of 760 millimetres of mercuiy. 
It -was originally intended to be a cubic decimetre, but is actually 
somewhat greater. 

3. Britlak Mmmnueem af GnFacllFt — 



Gill, 

Pint == 4 gills, 

Qoart = 2 pints,.... 

Pottle = 2 quarts,.. 

Gallon = 2 pottles, . 

Peck = 2 gallons,. 

Bushel =s 4 pecks,... 

Quarter = 8 Dushels, 



GftDons. 

0*03125 
0*125 
0*25 
0*5 



IX> 



2 

8 
64 



British Solid MeaBnra, 
nearly. 

8*660 cub. inches. 
34*640 
69*280, 
138-5615 
277*123 

=0*160372 cub. foot 
0*320744 „ 
1*282976 „ 
10*263808 cub. feet 



if 



} 



Litres. 

0*141907 
0*567628 
1*135255 
2*27051 

4-54102 

9*08204 

36*32816 

290*62528 



A tun of ale = 2 butts = 4 hogsheads = 216 gallons = 980*86 
litres. 

A ton of sea-water = 35 cubic feet = 218| gallons nearly = 
991*04 Ktres. 



Apothbcabies' Fluid Measubx. — 

Minim =.. 

Fluid drachm = 60 minims, 

Fluid ounce = 8 fluid drachms, 

Pint = 16 fluid ounces, 

Gallon =s 8 pints, 



OnMoIiM^liea 

0*00376 

0*2256 

1*8047 

28*8750 

231-0000 



litres. 

0*0000616 

0*003697 

0*029572 

0*473154 

3-785235 



* This is the correct volume of 10 lbs. of pure water at 62° Fahr.^ and is 
therefore the true value of a gallon in cubic inches. In an Act of Parliament, 
now partly repealed, that v<3ume is stated to be 277 '274 cubic incheii 
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4 Frrach 9I«liic Hi 



•f Cm p rn t Uj^ — 



litraiL 



O'OOI 

ox>i 
O'l 
!• 
lO 
ICX> 

i,ooo 
10,000 

•r CwKfmettf* — 



CoUeliidMft, 



6iX)27 



MiUilitre,... 

Centilitre, 

Decilitre, 

litre, 

Decalitre, 

Hectolitre, 

Kilolitre, 

Myrialitre, 

5. Tari«as H 

Unitkd Statbs— 

Gallon =s 231 cubic inches, 

BussiA — 

Vedro a 10 kraschki s 750*568 cnbic inches — 

Prussia— 

Quart or Vieifel ( s 64 Prussian cubic iiiches), 

Ozhoft a 14 ohm s 3 eimer = 6 anker = 180 quart. 

Tonne s 4 sche£Eel a 64 metzen « 192 yierte( 

Austria — 

Maass = 40 seidel = 80 pfiff » 0*0448 Austrian) 
cubic foot i 

Eimer = 40 maass, • 

SWXDEN — 

Kann ( 3 0*1 Swedish cubic foot), 

Am sa 60kannar, 

Kbthxrlaitds — 

Kan (subdivided decimally), 

Old Scottish gallon = 8 pmts a 16 chopins » 32> 
mutchkins » 128gills, f 



0*220215 



GaDooiL 
0-833565 

270843 

0-2|2l5 
45*387 

4»*4i3 

0*3116 
12*464 

0-57635 
34-58X 

0*220215 
30651 



3785235 
12*299 

ri45 
206' I 
219*84 

1-415 

56-6 

2-617 
157-02 

I 
13*9187 



Section YIIL — ^Measubes of Value. 

1. The FiaeneM •f Gold and Biirw Cote* means the proportiou 
of the precious metal which they contain^ and is generally expressed 
in thousandths of their total weight. The fineness of gold ooins 
is also expressed in carcUs, or 24ths of their total weight. 

The fineness of British gold coins is 22 carats, or 0-916|; of 
British silver coins^ 0*925; and of the coins of most other nations, 
0-900. 

2. The Pomid steritag ii the value of the 

pure gold in a sovereign, yiz., 113-oox grains. 

The alloy in a sovereign consists of copper,... 10*273 ft 

Full weight of a sovereign, 123-274 „ 

Fineness, 22 carats = 0-916|. 

Least legal tender weight, 122*75 „ 

Current weight, or least weight received at 

par at the Bank of EnglaiK^ • „.... 122*5 „ 
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3. The Vnuic is the value of 4*5 grammes of pure silver; which 
being alloyed with 0*5 gramme of copper, the full weight of the 
coin is 5 gramme& The fineness is 0*900. The Italian liim is 
equal to the franc in weight, fineness, and value. 

4. The Grerman Vnioa i»«iiar (Yereinsthaler) is the value of -^ 
of a Zollpfund f = ^ of a kilogramme, or 257*2 grains) of pure 

Bilver, to which is added r of its weight of alloy, the fineness 

being 0*900. 

5. The ComiMinitiTe Taloe of moneys in difiTerent countries 
fluctuates with the rate of excha/nge, and cannot be stated exactly. 
A conventional estimate of the average comparative value of the 
moneys of two countries is called par. A few rates of exchange at 
par are given in the following table. For fuiiiher information, 
reference may be made to M'Culloch's Commercial Dictionary, and 
Kelly's Universal Ca/nHmt, 



£ Sterlingi 
I'OOOOO 



British Pound sterling =: 20 shillings 

= 240 pence ^r:z 960 farthings, / 

French and Belgian Franc =100 

centimes = Italian lira, / 

American Dollar = 100 cents, , 

Eussian Rvhle = 100 kopeks,.,. 
German Ferei/w^Aafer (Union Dollar), 

= Prussian Hialer = 30 silherg 

roschen = 360 p/ennige, 

Austrian Gulden (Florin) = | vere- ) 

insthaler = 100 neukreutzer, j 

South German Gulden (Florin) = 

^ vereinstluder = 60 kreutzer 

2i0 pfennige, 

Netherlandish Gulden, Guilder (or ) 

Florin) = 100 cents, J 

Danish Eigsbamlcdaler = 96 skU- ) 

J^^f i 

■Norwegian Speciesdaler =120 Ml- ) 

^*«^, ; J 

Swedish Eiksdaler =i\00 ore {species- ) 

daler = 4 riksdcUer), J 

Portuguese MUreis = 1,000 reis, 0*2354 

Spanish Duro (Dollar) = 20 reales, o'2o83 

British Indian Rupee =16 annas = ) 
192 pice {lac = 100,000 rupees),... ] 



=} 



0-03965 

0-20548 
0-15625 

014493 
0-09662 

0*08282 

■ 
008333 

0*10984 

0*21968 

0*05479 



0*0927 



Franca. 
25*220 

1*000 
5-182 

3*941 
3655 

2-437 

2*089 

2*102 
2*770 
5540 

1*382 

5*937 
5*254 

2*338 
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SEcnoir IX. — Measubes of Speed, Heatikess, Pbessube, 

WoKK, AND Power. 

. 1. Speed or TeiocitT of advance is expressed in units of length 
per unit of time. 

Compaaiaon qf Different Meouurea of Vdodty, 





MOM 
per hoar. 


Feet Feet 
pw BOtioncL per xnlnata. 


Feet 
per hoar. 




I 


= 1-46 =88 


5280- 




o-68i8 


= !• =60 = 


3600 




0*01136 


= o-oi6 = I = 


60 


1 nautical mile'^ 


0-0001893 


• • 

= 0*00027 = o*oi6 = 


1 


per hour, orj- 
"knot," ) 


= 1-1508 


= 1-688 = 101-275 = 


6076I 



The units of time being the same in all civilized countries, the 
proportions amongst their units of velocity are the same with those 
amongst their linear measures. 

2. Speed ef THmtag, or Aagnlar Teleeltj, is expressed in tums 

per second, per minute, or per hour, or in circular measure per 
second. 

To convert tums into circular measure, multiply by 6*2832 
To convert circular measure into tums, multiply by 0*159155 

Compcmaon of Different Measures qfAngv^ VdocUy, 

droolar Messnre Toms Toms Tarns 

peraecond. per second. perminate. per hoar. 

I 0159155 95493 572-95^ 

6-2832 I 60 3600 

0*10472 o*oi6666 I 60 

0*001745 0*000277 o'oi66($ I 

3. HeaTineM is expressed in units of weight per unit of volume; 
as pounds to the cubic foot, or kilogrammes to the cubic metre. 
(See Section XI.) specific csraTitr is the ratio of the heaviness of 
a given substance to the heaviness of pure water, at a standard 
temperature, which in Britain is 62*^ Fahr., and in France the 
temperature of the maximum density •of water. To convert 
specific gravity, as estimated in Britain, into heaviness in lbs. to 
the cubic foot, multiply by 62*355. 

In metric measures the specific gravity of a substance is equal 
to its heaviness in kilogrammes to the litre (or cubic decimetre 
very nearly). 
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4. The lMteBsit7 of PreMnro is expressed in. units of weight on 
the unit of axea, as pounds on the square inch, or kilogrammes on 
the squara metre; or hj the height of a column of some fluid; 
or in cUTnoapkeres, the unit in this case being the average pressure 
of the atmosphere at the level of the sea. 

The following table gives a comparison of various units in which 
the intensities of pressures are commonly expressed. 

Pounds on the PotindB on the 

square foot square inch. 

One pound on the square inch,.... 144 i 

One pound on the square foot, i ttt 

One inch of mercury (that is, weight 

of a column of mercury, at 32® 

Pahr., one inch bigh), 70*7275 0'49ii63 

One foot of water (at SO*'*! Fahr.), 62425 o*4335 

One inch of water,.... 5*2021 0*036125 . 

One atmosphere, of 29*922 inches 

of mercury, or 760 millimetres, 2,116*3 14*7 

One foot of air, at 32° Fahr., and 

under the pressure 6f one atmos- 
phere, 0*080728 0*0005606 

One kilogramme on the square 

metre, ■» 0*20481 0*0014223 

One kilogramme on the square 

millimetre, 204,813 i>422'3 

One millimetre of mercury, 2*7847 0*01934 

Comparison of Heads of Water in Feet, wvth Pressures in 

Various Units, 
One foot of water at 52^*3 Fahr. = 62*4 lbs. on the square foot. 

„ „ 0*4333 1^- o^ *^® square inch. 

„ „ 0*0295 atmosphere, 

jj „ 0*8823 inch of mercury at 32*** 

( feet of air at 32°, and 
»» " ' ' ^ ( one atmosphere. 

One lb. on the square foot, 0*016026 foot of water at 52^*3 

Fahr. 

One lb. on the square inch, 2 *3o8 feet of water. 

One atmosphere of 29*922 inches \ 

of mercury, / ^^ ^ 

One inch of mercury at 32°, i'i334 » » 

One foot of air at 32^ and one ) q.^qt^oa 

atmosphere, / ^ <^^"94 „ 

One foot of average sea water, i '026 foot of pure water. 

5. Work is expressed in units of weight lifted through an unit 
of height; as in lbs. lifted one foot, called foot-pounds; or 
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kilogrammes lifted one metre,. called kUogrammebres. (See Section 
XL of this part) 

A kilogrammetre is 7*23^ foot-pounds. 
A foot-pound is 0*138254 kilogrammetre. 

6. P«w«r is expressed in miits of work done in an unit of time; 
as in foot-pounds per second, per minute, or pex hour; or in 
conventional units called horse-power. 

One Horae-Power, British measure, s 550 fL-lb& per second 
- 33,000 ft -lbs. per minute — 1,980,000 ft-lbs. per hour. 

One ^^ Force de CheooX^^ French measure, = 75 kilogrammetres 
per second ^542^ ft-lb& per second nearly = 0-9863 
British horse-power. 

One British horse-power = 1*0139 force de cheral. 

7. The SteUcal ]ii«aieMt of a given weight relatively to a given 
vertical plane is the product of the weight into its horizontal 
distance from that plane, and is expressed in the same sort of 
units with work. 

Compomson ofMeatrwrea of Statioat Moment. 

Inch-lb. = 0*011521 

12 = I Ft -lb. = 0-138254 

112=: 9^= ilnch-cwt. = 1*29037 

1,344= 112 =: 12= I Foot-cwt.:= 15*4844 

2,240= 186}= 20= i|= I Inch-ton = 25*8074 

26,880 =: 2,240 = 240 =20 r= 12 = I Foot-ton = 309*689 

8. AbMiate VmIu •f Force.— The << Absolute Unit of Force" is 
a term used to denote the force which, acting on an unit of mass 
for an unit of time, produces an unit of velocity. 

The unit of time employed is always a second. 

The unit of velocity is in Britain one foot per second; in 

France one metre per second. 
The unit of mass is the mass of so much matter as weighs one 

unit of weight near the level of the sea, and in some 

definite latitude. 
In Britain the latitude chosen is that of London; in France, 

that of Pari& 
In Britain the unit of weight chosen is sometimes a grain, 

sometimes a pound avoirdupois; and it is equal to 32*187 

of the corresponding absolute units of force. 
In France the unit of weight chosen is a gramme, and it is 

equal to 9*8087 of the corresponding absolute units of force. 

The proportions borne to each other by the absolute units of 

force in different countries are nearly the same with those of the 

units of work (see Article 5 of this Section), and would be exactly 
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the same but for the variation of the force of gravity in the 
latitude. Gravity is about 1*00017 times greater in London than 
in 



Section X. — Measures of Heat. 

1. Teaipenuare, or, Entenaktf •fVLemU — 

SxAlfDABD Points — PaSrSSSSJ Centl^SS EdaSmur. 

Boiling point of water ) ^^^o ^^, g^o 

under one atmosphere^ J 
Melting point of ice, 32" o® o® 

9^ Fahrenheit = 5*" Centigrade = 4° B6aumur. 

9 
Temp. Fahr. = - Temp. Cent + 32* 

9 
= J Temp. IWaum. + 32" 

5 5 

Temp. Cent = ^ (Temp. Fahr. — 32**) = j Temp. R&ium. 

4 4- 

Temp. R^aum. = g (Temp. Fahr. — 32**) = g Temp. Cent. 

2. Qnantiiica ^f wumt are expressed in units of weight of water 
heated one degree; as in pounds of water heated one degree of 
Fahr. (the British unit of heat) : or in kilogrammes of water 
heated one degree Centigrade (the French unit of heat). 

One French unit of heat (called Calorie) = 3*96832 British units. 
One British unit of heat = 0*251996 French units. 

Quantities of heat are sometimes also expressed in wnita of 
« evapcrcLtion; that is, units of weight of water evaporated under 
the pressure of one atmosphere. 



^}= 



Heat which evaporates one lb. 

of water under one atmos- V =966*1 British units of heat 

phere, j 

Heat which evaporates one ) ^ic^u* i. *^ ex. i, 

Idlogramme of water, } =S3«-7 French unite of heat 
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COMPABATIVE TaBLE OF ScALES OF TeMPERATUBE. 



Fahr. 


Cent 


B&nm. 


Fahr. 


Cent 


B^Mixn. 


Fahr. 


Cent 


B^ttm. 


-58 


-SO 


-40 


3" 


155 


124 


680 


360 


288 


-49 


-45 


-36 


320 


160 


128 


689 


365 


292 


-40 


-40 


-32 


329 


165 


132 


698 


370 


296 


-31 


-35 


^28 


338 


170 


136 


707 


375 


300 


— 23 


-30 


-24 


347 


175 


140 


716 


380 


304 


-13 


-25 


— 20 


35^ 


180 


144 


725 


385 


308 


- 4 


— 20 


-16 


365 


185 


148 


734 


390 


312 


-*■ 5 


-15 


-12 


374 


190 


152 


743 


395 


316 


14 


-10 


- 8 


383 


^9B 


156 


752 


400 


320 


23 


- 5 


- 4 


392 


200 


160 


761 


405 


324 


32 








401 


205 


164 


770 


410 


328 


41 


+ 5 


+ 4 


410 


210 


168 


779 


415 


332 


50 


10 


8 


419 


215 


172 


788 


420 


33^ 


59 


15 


12 


428 


220 


176 


797 


425 


340 


68 


20 


16 


437 


225 


180 


806 


430 


344 


77 


25 


20 


446 


230 


184 


815 


435 


348 


86 


30 


24 


455 


235 


188 


824 


440 


352 


95 


35 


28 


464 


240 


193 


833 


445 


35<5 


104 


40 


32 


473 


245 


196 


842 


450 


360 


"3 


45 


36 


483 


250 


200 


851 


45S 


3<54 


132 


50 


40 


491 


255 


204 


860 


460 


368 


131 


55 


44 


500 


260 


208 


869 


465 


372 


140 


60 


48 


509 


265 


212 


878 


470 


37<? 


149 


65 


52 


518 


270 


216 


887 


475 


380 


158 


70 


56 


527 


275 


220 


896 


480 


384 


167 


75 


60 


536 


280 


224 


905 


485 


388 


176 


80 


64 


545 


285 


228 


914 


490 


392 


185 


85 


68 


554 


290 


232 


923 


495 


39^ 


194 


90 


72 


563 


295 


236 


932 


500 


400 


203 


9B 


76 


572 


300 


240 


941 


505 


404 


213 


100 


80 


581 


305 


244 


950 


510 


408 


221 


105 


84 


590 


310 


248 


959 


515 


412 


230 


no 


88 


599 


315 


252 


968 


520 


416 


239 


"5 


92 


608 


320 


256 


977 


525 


420 


248 


J20 


96 


617 


325 


260 


986 


530 


424 


257 


125 


100 


626 


330 


264 


995 


535 


428 


266 


130 


104 


635 


335 


268 


1004 


540 


432 


275 


135 


• 108 


644 


340 


272 


1013 


545 


43<5 


284 


140 


112 


653 


345 


276 


1022 


550 


440 


293 


145 


116 


662 


350 


280 


1031 


555 


444 


303 


150 


120 


671 


355 


284 


1040 


560 


448 



CONYBBSIOK-TABLES. 
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Section XL — Tables of Multipuess fob CoNVEBTiNa 

Measubbs. 



1. C^npariaon •€ BhuuT» 

HalTes.4tlis. 8t2u. 16fhs. 82da. 

I 
I ... 2 



I .< 



X ••• z • •• 



3 
4 
5 



3 — ^ 



I . A •%• O 



5 ... lo 



II 



' 3 ... 6 ... 12 



13 



7 — 14 



15 



9 ••• 4 **■ ^ **■ -^^ 



.. 6 

7 
.. 8 

9 
.. lO 

II 

.. 12 

13 

.. 14 

15 
.. 16 

17 

.. 18 

19 

.. 20 

21 

.. 22 

23 
.. 24 

25 
.. 26 

27 

.. 28 

29 

.. 30 

3^ 
.. 32 



DeclHialt Slid I^Bodedmal Fractioii*.-" 

Dedmala 12tha. 6tlu. ithfl. 8d& Halyea 
•03125 
•06250 
. -08333 — I 

•09375 
•12500 

•15^525 

•16667 ... 2 ... I 

•18750 

•21875 

•25000 ... 3 I 

•28125 
•31250 

•33333 - 4 — 2 I 

•34375 

•37500 
•40625 

•41667 ... 5 

•43750 
•46875 

•50000 ... ... 3 ••• 2 ••«•••••• I 

•53125 
•56250 

•58333 - 7 

•59375 
•62500 

•65625 

*6666*j ... 8 ... 4 2 

•68750 

•71875 

•75000 ... 9 3 

•78125 
•81250 
•83333 — 10 ... 5 

•84375 
•87500 

•90625 

•91667 ... II 

•93750 
•96875 
1*00000 ... 12 ... 6 ... 4 ... 3 ... 2 
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The values, in decimals, of the binary fractions are exact. Those 
of duodecimal fractions which are not also binary fractions, are 
approximate only. 

2. nnltlpUcn for C^nrcitlng BrlUah BEeaaarM. — 





JL-Uiikn 
into 


&— Feet Into 
Unkfl. 


G— Square 
Links into 


D.— Square 
Feet into 






Feet 


Square Feet 


Square links. 




I 


o*66 


1-51515 


o-435<5 


2-2957 


I 


2 


1-32 


3-03030 


0-8712 


4-5914 


2 


3 


1*98 


4-54545 


1-3068 


6-8871 


3 


4 


2-64 


6'o6o6i 


17424 


9-1827 


4 


5 


330 


7*5757^ 


2*1780 


11-4784 


5 


6 


396 


9-09091 


2-6136 


^3-7741 


6 


1 


4*62 


10 '60606 


3-0492 


160698 


7 


8 


5-28 


12*12121 


3-4848 


18-3655 


8 


9 


5'94 


1363636 


3-9204 


20-6612 


9 


lO 


6*60 

E.— Mean 


15-15152 
F.— Statute 


4-3560 


22*9568 


10 




Qeographical 

MileBinto 
Statute MUea. 


Miles into Mean G.— Tons 


H.-Lbfl. 






Qeographical 


into Lbs. 


Into Tons. 




1 


II51 


0-869 


2,240 


•0004464 


I 


2 


2*302 


1-738 


4.480 


•0008929 


2 


3 


3-453 


2*607 


6,720 


•0013393 


3 


4 


4-603 


3-476 


8,960 


•0017857 


4 


5 


5754 


4345 


11,200 


•0022321 


5 


6 


6905 


5-214 


i3»440 


•0026786 


6 


7 


8056 


6083 


15,680 


•0031250 


7 


8 


9-207 


6-952 


17,920 


•0035714 


8 


9 


IO-357 


7-821 


20,160 


•0040179 


9 


lO 


11-508 


8690 


22,400 


•0044643 


10 




I— Tons 


J.-<Xiblc Feet 

into Tons j 
Displaoement 


E.— Lbsi on the 


L.— LbsLon 






Displaoement 
into 


Square Inch 
into Lbe. on the 


the Square Foot 
into £ba on the 






Cubic Feet 


Square Foot 


Square Inch. 




I 


35 


•02857 


144 


•00694 


I 


2 


70 


'O5714 


288 


•01389 


2 


3 


105 


•08571 


432 


•02083 


3 


4 


140 


•II429 


576 


•02778 


4 


5 


175 


•14286 


720 


•03472 


5 


6 


210 


•I7M3 


864 


•04167 


6 


7 


245 


•20000 


1,008 


•04861 


7 


8 


280 


•22857 


1,152 


•05556 


8 


9 


315 


•257 H 


1,296 


•06250 


9 


lO 


350 


•28571 


hUO 


•06944 


10 
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M.— Lbs. AtoIt. 


N.-GrainBinto { 


^.—OuMc Feet 


p.— Gallons into 


intoGraixu. 


Lbs. Avoir. 


into Gallons. 


Cubic Feet 


I y,ooo 


0*000142857 


62355 


0*16037 I 


2 14^000 


0*0002857 14 


12-4710 


0*32074 2 


3 2IyOOO 


0*000428571 


18*7065 


0*48112 3 


4 28,000 


0*000571429 


24^9420 


0-64149 4 


5 35jOoo 


0*000714286 


311775 


0*80186 5 


6 42,000 


0*000857143 


37*4130 


0*96223 6 


7 49.000 


'00 1 000000 


43-6485 


1*12260 7 


8 56,000 


0*001142857 


49*8840 


1*28298 8 


9 63,000 


0*001285714 


46-1195 


1-44335 9 


10 70,000 


0*001428571 


62*3550 


1*60372 10 


Q.— Yalaes of Decimal FractionB of a Pound Sterling In Shillings and Pence. 


JL 8. 


d 


£ 1 


r. d. 


£ 8, d. 


•001 = 


0*24 


•01 = 2*4 


•1 = 2 


•002 


0*48 


•02 4*8 


•240 


•003 


0*72 


•03 7*2 


•360 


•004 


0*96 


•04 ^'6 


•480 


•005 


1*20 


•05 ] 


c o*o 


•5 lo 


•006 


1*44 


•06 ] 


[ 2*4 


•6 12 


•007 


1*68 


•07 ] 


[ 4-8 


•7 H 


•008 


1*92 


•08 : 


C 7*2 


•8 16 


•009 


2*l6 


•09 ] 


[ 9*6 


♦•9 18 


B.— Valnee of Farthings, Pence, and ShOUn 


tgs in Dednwl ] 


Practiona of a Pound. 


FkrthingB. 


£ 


Shillings. 


£ 


I 


•0010417 


i 


•05 


2 


'0020833 


2 


•10 


3, 


•0031250 


3 


•15 


Fencei 




4 


•20 


I 


•004167 


5 


•25 


I* 


•006250 


6 


•30 


2 


•008333 


7 


•35 


3 


•012500 


8 


•40 


4 


•016667 


9 


•45 


44 


•018750 


10 


•50 


5 


•020833 


II 


•55 


6 


•025000 


12 


•60 


7 


•029167 


13 


•65 


2* 


•031250 


14 


•70 


8 


•033333 


15 


•75 


9 


•037500 


16 


•80 


10 


•041667 


17 


•85 


loi 


•043750 


18 


•90 


II 


•04i 


5833 


19 


•95 



1 ill 

•s • : ' ? ?l i I 
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I gi||| 1 1 I .3 



■aj .a 



I 11 
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•si 
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MEASURESL 



4. MXTLTIFLIEBS FOB COKYEBTING BbITISH ASD FbENCH 

Measubes. 





A.-M«trM 


Bl— Feet 


GL— Mmimetres 


P.— Inches 






into 


into 


into 


into 






Feet 


Metres. 


Inohes. 


Mnilmetre& 




I 


3-2809 


0-3048 


•03937 


25-400 


I 


2 


65617 


0-6096 


•07874 


50-800 


2 


3 


9*8426 


0-9144 


•I1811 


76199 


3 


4 


13*1235 


1*2192 


•15748 


101-599 


4 


5 


16-4043 


1-5240 


•19685 


126-999 


5 


6 


19-6852 


1*8288 


•23622 


152-399 


6 


7 


22*9661 


2*1336 


'27559 


177-798 


7 


8 


26*2470 


3-4384 


•31496 


203*198 


8 


9 


295278 


2-7432 


•35433 


228-598 


9 


lO 


32-8087 


3-0480 


•39370 


253-998 


10 




S.-^iMn Metres 


F.— Sqiukre Feet 
into 


0.— Sqnsre 


H.— Sqnsro Inches 






into 


lauimetres into 


into Square 






SqaaroFeet 


Sqoan MetreSi 


Sqoue Inches. 


Millimetres. 




I 


10*764 


"0929 


•0015500 


645-15 


I 


2 


21*528 


•1858 


•OO3IOOI 


1290-30 


2 


3 


32-292 


•2787 


•0046501 


1935-44 


3 


4 


4305^ 


•3716 


•0062001 


2580-59 


4 


5 


53'82i 


•4645 


•0077501 


322574 


5 


6 


64-585 


•5574 


•0093002 


3870% 


6 


7 


75*349 


•6503 


•0108502 


4516-04 


7 


8 


86-113 


•7432 


•0124002 


5161-18 


8 


9 


96-877 


'8361 


•0139503 


5806-33 


9 


xo 


107-641 


•9290 


•0155003 


6451-48 


10 




L-Gubio Metres 


J.-^CaUoFeet 


E.—Onbio Millimetres L.— OnbicIncheB 






into 


into 


into 


into 






Onbio Feet 


Onbio Metres* 


Onbio Inches. 


Cubic Millimetres. 




I 


35-3 1 <5 


•028316 


•00006103 


16387 


I 


2 


70-631 


•056632 


•00012205 


32773 


2 


3 


105-947 


•084948 


•00018308 


49160 


3 


4 


141-262 


•I 13264 


•00024410 


65546 


4 


5 


i7<5-578 


•141581 


•000305x3 


81933 


5 


6 


211-894 


•169897 


•00036615 


98320 


6 


7 


247*209 


•I98213 


•00042718 


II4706 


7 


8 


282*525 


•226529 


•00048820 


131093 


8 


9 


317*840 


•254845 


•00054923 


147480 


9 


10 


353i5<> 


•283161 


•00061025 


163866 


10 
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MULTIFLIEBS FOB CoKTEBTINa BbITISH AND FbENCH 

Measubes — conHnued, 





si—Grammes 


K.— Grains 


Ol— Kilogrammes 


P.— LbSL 






into 


into 


into 


into 






QTBiXl& 


Gnunmea 


LbsL 


Kilogrammes. 




I 


15*4323 


'06480 


2*2046 


04536 


X 


2 


30-8647 


'12960 


4*4092 


0*9072 


2 


3 


46*2970 


•19440 


6*6139 


1*3608 


3 


4 


61*7294 


'25920 


8*8185 


1*8144 


4 


5 


77*1617 


•32399 


11*0231 


2*2680 


5 


6 


92*5941 


•38879 


132277 


2*7216 


6 


7 


108*0264 


•45359 


15*4323 


3*1751 


7 


8 


123*4588 


•51839 


17*6370 


3*6287 


8 


9 


138-8911 


•58319 


19*8416 


4*0823 


9 


lO 


1543235 


•64799 


22*0462 


4*5359 


10 




Q.— TomiMQX 


B.— Toot 


&~^LftKS 


T.--€kinons 






Into 


into 


into 


into 






Tona. 


Tonneans. 


Gallons. 


Litres 




I 


0*9842 


i'oi6o 


0*2202 


4*541 


I 


2 


1*9684 


2*0321 


0*4404 


9*082 


2 


3 


2*9526 


3*0481 


0*6606 


13623 


3 


4 


39368 


4*0642 


08809 


18*164 


4 


5 


4*9210 


5*0802 


1*1011 


22705 


5 


6 


5-9052 


6*0963 


1*3213 


27*246 


6 


7 


6*8894 


7*1123 


1*5415 


31*787 


7 


8 


7*8736 


8*1284 


1*7617 


36*328 


8 


9 


8*8579 


9*1444 


1*9819 


40*869 


9 


10 


9*8421 


10*1605 


2*202li 

W.— Kilogrammes 
on the Square 


45*410 
X-<LbaL on the 


xo 




XT.— EUogrammetrea 


v.— Foot-Lbs. 


Square Inch into 
Kilogrammes 






into 


into 


Millimetre into Lbs. 






Foot-Lba 


EOogrammetreB. 


on the 
Square Inch. 


on the Square 
Miliimetre. 




I 


7*233 


0*13825 


1422 


•000703 


I 


2 


14*466 


0*27651 


2845 


'001406 


2 


3 


21*699 


o'4i476 


4267 


'OO2IO9 


3 


4 


28*932 


0-55302 


5689 


•002812 


4 


5 


36165 


069127 


7IH 


•003515 


5 


6 


43398 


082952 


8534 


'004219 


6 


7 


50632 


.0-96778 


9956 


•004922 


7 


8 


57865 


1*10603 


II378 


•005625 


8 


9 


65098 


1*24429 


1 280 1 


•006328 


9 


10 


72331 


1*38254 


14223 


•007031 


xo 
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MULTIFUEBS FOR CONYEBTIKa BRITISH AND FRENCH 

Measures — contintiecL 





Y.— Kllometrea 


Z.— HileB 


AA.— Hectares 


BR— Acres 






into 


into 


into 


into 






MUe& 


KilometTM. 


Acrea 


Hectares. 




I 


0*6214 


I 6093 


2-471 


0*4047 


I 


2 


1*2428 


3-2186 


4-942 


0-8094 


2 


3 


1-8641 


48280 


7-413 


I-2140 


3 


4 


24855 


6-4373 


9884 


I -6187 


4 


5 


31069 


8-0467 


12-356 


2-0234 


5 


6 


37283 


9-6560 


14-827 


2-4281 


6 


7 


4-349<5 


11-2653 


17-298 


2-8328 


7 


8 


4-9710 


12-8747 


19-769 


3-2375 


8 


9 


55924 


14-4840 


22-240 


3-6421 


9 


lO 


6-2138 


16-0933 


24-711 


4-0468 


10 




CO.— Franoa 


DD.— £ 


EE.— Franca 


FF.— Pence 






into 


into 


into 


into 






£. 


Franca 


Penoei 


Francs. 




I 


•03965 


25*22 


9*516 


0*10508 


I 


3 


•07930 


5o'44 


19*033 


0-21017 


2 


3 


•I1895 


75-66 


28-549 


0-31525 


3 


4 


•15860 


100-88 


38065 


0-42033 


4 


5 


•19826 


126*10 


47-581 


0*52542 


5 


6 


•23791 


i5i'32 


57*098 


0*63050 


6 


7 


•27756 


17654 


66*614 


073558 


7 


8 


•3172I 


201*76 


76*130 


0*84067 


8 


9 


•35686 


226*98 


85-646 


0-94575 


9 


lO 


•39651 


252*20 


95-163 

TV 


1-05083 


10 





A.— lines 


R— Feet 


C.— Knots 


D.— Feet 






per Hoar into 


per Second into 


into 


per Second 






Feet per 


Miles per 


Feet per 


into 






Second. 


Hour. 


Second. 


Knots. 




z 


1-467 


0*682 


1*688 


0*592 


I 


a 


2*933 


1*364 


3376 


1-185 


2 


3 


4*400 


2*045 


5-064 


1-777 


3 


4 


5-867 


2*727 


6*752 


2-370 


4 


5 


7 333 


3-409 


8-439 


2-962 


5 


6 


8-800 


4*091 


10*127 


3-555 


6 


7 


10-267 


4-773 


11-815 


4-147 


7 


8 


"•733 


5-455 


13-503 


4740 


8 


9 


13-200 


6*136 


15-191 


5-332 


9 


10 


14-667 


6-818 


16-879 


5925 


10 



C0NYEB8I0N TABLES. 115 



Conversion op Velocities — continued. 

Angnlar Velocity. 

£.— Knots into F.— Metres per G.— Turns per H.— Circular 

Metres per Secondinto Second into Measure into 

Second. Knots. Circular Measure. Turns per Second. 

1 0-5x44 1*944 6*28 

2 1-0288 3-888 12-57 

3 1*5432 5832 1885 

4 2-0576 7-776 25-13 

5 2-5720 9-720 31-42 

6 3*0864 11-664 37*70 

7 3-6008 13-608 43*98 

8 4*1152 i5'552 50*27 

9 4-6296 17*496 5^*55 
10 5*1440 19*440 . 62-83 



6. Conversion of Pressures in Atmospheres. 

*4»*y>»_ Lbaon Lbs. on the Kilogrammes Millimetres Inches Feet 

JJ™2r ***® Square on the of of of 

pneies. gq^aare inch. Foot Square Metre. Mercury. Mercury, Water. 

1 14-7 2116 10333 760 29-922 33*9 

2 29-4 4233 20666 1520 59*844 678 

3 44-1 6349 30999 2280 89-765 101-7 

4 58-8 8465 41332 3040 119-687 135-6 

5 73*5 10581 51665 3800 149-609 169-5 

6 88-2 12698 61998 4560 i79'53i 203-4 

7 102-9 14814 72331 5320 209-453 237-3 

8 117-6 16930 82664 6080 239-374 271-2 

9 132-3 19047 92997 6840 269-296 305*1 
10 147*0 21163 X03330 7600 299-218 339*0 



0*159 


I 


0-318 


2 


0-477 


3 


0-637 


4 


0796 


5 


0955 


6 


I-II4 


7 


1-273 


8 


1-432 


9 


1-592 


10 
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PART IIL 

RULES IN ENGINEERING GEODESY. 

t 

Section L — Extles depending on the Dikensions and Figubb 

OF THE EaBTH. 

1. Barth*« Principal DimenBiana (as calculated at the British 
Ordnance Survey Office, and published in 1866.)— -Longitude of 
the earth's greater equatorial axis, about 15^ 34' east of Greenwich. 
Longitude of the earth's lesser equatorial axis, about 105^ 34' east 
of Greenwich. 

Feet Metres. 

Greater equatorial axis, 41,852,700 12,756,588 

Lesser equatorial axis, 41,839,944 12,752,701 

Mean equatorial diameter, 4 1,846,32 2 1 2,7 54,644 

Polar axis,^ 41,706,858 12,712,136 

Mean between mean equatorial ) ^^TZTTZZ. ,«*,««««^ 

diameter and polar axis, / 4i.776,590 ",733,390 

In the present state of our knowledge, calculations of the earth's 
dimensions are doubtful beyond the fifth figure. 

2. iHiiivte of liaiiiDde. — ^Length on the earth's surfaoe corre- 
sponding to a minute of the mean meridian; 

in feet = 6076 — 31 cos * 2 latitude of middle of arc; 
in metres =: 1852 — 9*4 cos * 2 latitude of middle of arc; 

(observing that cosines of obtuse angles have their signs reversed.) 
These formuhe are correct, for any meridian, to the nearest foot, 
and to the nearest -A of a metre. 

3. niBate of Prime Tercicai (being the great circle perpendicular 
to the meridian), 

. ^ . 12214 + length of minute of meridian 
in feet = s • 

o 

. 3723 + length of minute of meridian 

in metres = 2 . 

o 



4. maate of iioagittide.— For its length multiply the length of 
a minute of the prime vertical by the cosine of the latitude. 

5. Ezplaaaiioa of Table. — ^The following table gives the results 
of the three preceding rules in feet, correct to the nearest foot, for 
latitudes at intervals of one degree, from 0^ to 90^:^— 
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Lat 
O*^ 

I 

2 

3 

4 

5 
6 

7 
8 

9 

lo 

II 

12 

13 
14 

15 
i6 

17 
i8 

19 
20 

21 

22 

23 
24 

25 
26 

27 

28 

29 

30 
31 
32 

33 

34 

35 

36 

37 

38 

39 
40 

4t 

42 

43 

44 

<5 



MhLLong. 


Mia pr. t. 


Min. Lat 


IfiZLlAt 


MiiLpr. T. 


MiiLLoog. 


.V 6086 .. 


.. 6086 .. 


. 6045 


6107 .. 


.. 6107 .. 


... 


... 6085 .. 


.. 6086 .. 


. 6045 


6107 . 


.. 6107 ., 


.. 107 ... 


... 6083 .. 


.. 6086 .. 


.. 6045 


6107 . 


.. 6107 .. 


.. 213 ... 


... 6078 .. 


.. 6086 .. 


. 6045 


6107 .. 


.. 6107 .. 


.. 320 ... 


... 6071 .. 


.. 6086 .. 


.. 6045 


6107 . 


.. 6107 .. 


.. 426 ... 


... 6063 .. 


.. 6086 ., 


.. 6045 


6107 . 


.. 6107 .. 


.. 532 ... 


... 6053 .. 


.. 6087 .. 


.. 6046 


6106 . 


.. 6107 .. 


.. 638 ... 


... 6041 .. 


.. 6087 ., 


.. 6046 


6106 . 


.. 6107 .. 


.. 744 ... 


... 6027 .. 


.. 6087 .. 


.. 6046 


6106 . 


.. 6107 . 


.. 850 ... 


... 6012 .. 


.. 6087 .. 


.. 6047 


6105 . 


.. 6106 .. 


.. 955 ... 


... 5994 . 


.. 6087 .. 


.. 6047 


6105 . 


.. 6106 .. 


.. 1060 ... 


... 5975 . 


.. 6087 .. 


,. 6047 


6105 . 


.. 6106 ., 


.. 1165 ... 


..• 5954 . 


.. 6087 .. 


.. 6048 


6104 . 


.. 6106 . 


.. 1270 ... 


... 5931 . 


.. 6087 .. 


.. 6048 


6104 . 


.. 6106 . 


.. 1374 ... 


... 5907 . 


.. 6088 .. 


.. 6049 


6103 . 


.. 6106 . 


.. 1477 ... 


... 5880 . 


.. 6088 .. 


.. 6049 


6103 . 


.. 6106 . 


.. 1580 ... 


... 5852 . 


.. 6088 .. 


.. 6050 


6102 . 


.. 6105 . 


.. 1683 ... 


... 5822 . 


.. 6088 .. 


,. 6050 


6102 . 


.. 6105 . 


.. 1785 ... 


... 5790 • 


.. 6088 . 


.. 6051 


61OI . 


.. 6105 . 


.. 1887 ... 


... 5757 . 


.. 6089 .. 


.. 6052 


6100 . 


.. 6105 . 


.. 1988 ... 


... 5721 . 


.. 6089 .. 


.. 6052 


6100 . 


.. 6105 . 


.. 2088 ... 


... 5684 . 


.. 6089 ., 


.. 6053 


6099 . 


.. 6104 . 


.. 2188 ... 


... 5646 . 


.. 6089 •. 


.. 6054 


6098 . 


.. 6104 . 


.. 2287 ... 


... 5^os .. 


,. 6089 .. 


.. 6054 


6098 . 


.. 6104 . 


.. 2385 ... 


... 5563 . 


.. 6090 . 


.. 6055 


6097 .. 


,. 6104 ., 


.. 2483 ... 


... 5519 . 


.. 6090 .. 


.. 6056 


6096 .. 


.. 6103 .. 


.. 2579 ... 


... 5474 .. 


.. 6090 . 


.. 6057 


6095 ., 


►. 6103 .. 


.. 2675 ... 


... 5427 . 


.. 6091 . 


.. 6058 


6094 .. 


.. 6103 ., 


.. 2771 ... 


... 5378 . 


.. 6091 . 


.. 6059 


6093 .. 


.. 6102 .. 


.. 2865 ... 


... 5327 . 


.. 6091 . 


.. 6060 


6092 .. 


.. 6102 .. 


.. 2958 ... 


... 527s • 


.. 6092 . 


.. 6061 


6091 .. 


.. 6102 .. 


.. 3051 ... 


... 5222 . 


.. 6092 . 


.. 6o6t 


6091 .. 


.. 6102 .. 


.. 3142 ... 


... 5166 .. 


.. 6092 . 


.. 6062 


6090 .. 


.. 61OI .. 


.. 3233 — 


... 5109 • 


,. 6092 ;, 


,. 6063 


6089 .. 


► . 61OI .. 


.. 3323 .-. 


... 505^ . 


.. 6093 . 


.. 6064 


6088 .. 


.. 61OI ., 


.. 3413 ... 


... 4991 .< 


.. 6093 . 


.. 6065 


6087 .. 


.. 6100 .. 


.. 3499 — 


... 4930 .. 


.. 6093 . 


.. 6066 


6086 .< 


>. 6100 ., 


.. 3586 ... 


... 4867 .. 


.. 6094 .. 


.. 6067 


6085 .. 


.. 6100 ., 


.. 3671 ..• 


... 4802 .. 


.. 6094 ., 


.. 6068 


6084 .. 


.. 6099 . 


.. 3755 - 


... 4736 ., 


.. 6095 .. 


.. 6070 


6082 .. 


.. 6099 . 


.. 3838 ... 


... 4669 .. 


.. 6095 ., 


.. 6071 


6081 .. 


,. 6098 . 


.. 3920 ... 


... 4600 .. 


.. 6095 ., 


.. 6072 


6080 .. 


. 6098 .. 


.. 4001 ... 


... 4530 . 


,. 6096 .. 


.. 6073 


6079 ., 


►. 6098 ., 


.. 4080 ... 


... 4458 .. 


,. 6096 ., 


.. 6074 


6078 .. 


.. 6097 .. 


.. 4158 ... 


... 4385 . 


.. 6096 ., 


.. 6075 


6077 ., 


,. 6097 .. 


.. 4235 — 


... 43" • 


.. 6097 ., 


.. 6076 


6076 .. 


.. 6097 „ 


.. 43" — 



90* 
89 

88 

87 
86 

85 
84 

83 

82 

81 
80 

79 

78 

77 
16 

75 

74 

73 

7» 

71 
70 

69 

68 

67 

66 

65 
64 

63 
63 

61 

60 

59 
58 

57 

56 

55 

54 

53 

6a 

51 

50 

49 
48 

47 
46 
45 
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6. Mlnufe of a Orcat Circle In nnj Azlmath. — Azim/uth is the 

angle which a given vertical plane traversing a station makes with 
the plane of the meridian of that station. Let m denote the length 
of a minute of the meridian, and p the length of a minute of the 
prime vertical^ at the latitude of the middle of the* arc to be 
measured; then the length required 

p + m p-m g. . .- 

= ^— J5 — - ^—^ — • cos 2 azimuth; 

observing, that when the azimuth exceeds 45®, the second term 
of the formula is to be added, instead of subtracted. 

Example I. — In latitude 60°, required the length in feet of one 
minute of a great circle on the earth's surface whose azimuth is 30°. 

p^ = 6102 + 6091 ^ 12193 ^ ^^^^.^ ^^^ 



X 



cos 60° = 0-5 



Product to be subtracted,. 2*75 



Length required, to the nearest foot,... 6094 feet. 

Example IL — In the same latitude, let the azimuth be 60°; 
then 60° x 2 = 120°, an obtuse angle^ whose cosine is = — cos 
(180° - 120°) = - cos 60° = - 0-5. 

i-— 5 — as before, 6096*5 feet 



Length required, to the nearest foot, 6099 feet. 

6a. Centained Arc. — Divide the distance between two stations 
by the length of a minute on the great circle through them; the 
quotient will be the contained arc in minutes. 

7. To Had the True Azlmath of a Station-Ijine. 

L By, ike Two greatest Elongations of a Circumpolar Star. — 
Observe the greatest and least horizontal angles made by a star 
near the pole with the station-line when the star is at its greatest 
distances east and west of the pole, and take the mean of those 
an^es, which is the true azimuth of the station-line. In the 
northern hemisphere the Pole-star, « Ursse Minoris, is the best. 

This method is seldom practicable with an ordinary theodolite, 
a^ in general one of the observations must be made by daylight. 

II. By equal Altitudes of a Star, — ^The theodolite being at a 
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station in tlie station-line chosen, measure the horizontal angle from 
ihe station-line to any star -which is not near the highest or lowest 
point of its apparent daily course, and take also the altitude of that 
star. Leave the vertical circle clamped, and let the instrument 
remain undisturbed until the star is approaching the same altitude 
at the other side of its apparent circular course. Then, without 
moving the vertical circle, direct the telescope towards the star, 
clamp the vernier-plate, and by the aid of its tangent-screw follow 
the star in a2dmuth witib the cross wires until it arrives exactly at 
its former altitude, as is shown by its image coinciding with the 
cross wires ; then measure the horizontal angle between the new 
dii'ection of the star and the station-line: the mean between the two 
horizontal angles will be the true azimuth of the station-line.* 

In both the preceding processes it is to be understood that the 
Tnean of two horizontal angles means their half-sum when they are 
at the same side of the station-line, but their half-difference when 
they are at opposite sides. 

The second method may be applied to the sun, observing the 
sun's west limb in the forenoon and east limb in the afbemoon, or 
vice versd ; but in that case a correction is required, owing to the 
sun's change of declination. When the sun's declicuation is chang- 

ing towards the < th i ' ^^^ approximate direction of the meri- 
dian, as found by the method just described, is too far to the 
I left I • "^^^ correction required is given by the formula^t 

change of sun's declination , x-x ^ 1 i 
2 ^ s®® ' latitude x cosec ^ angular 

motion of sun between the observations. 

III. By One greatest Elongation of a Circumpclar Sta^. — ^To use 
this method, the declination of the star, and the latitude of the 
place^ should be known. Then 

sin ' azimuth of star at greatest elongation 
= cos ' declination -r cos * latitude; 

and that azimuth, being added to or subtracted from the horizontal 
angle between the station-line and the star, when at its greatest 
elongation (according as the station-line lies to the same side of 

* In observing at night with the theodolite, it is necessaay to throw, by 
means of a lamp and a small mirror, enough of light into the tube to make 
the cross wires visible. 

+ A.% ihe equinoxes, the rate of change of the sun^s declination is about 
59" per hour; and it varies nearly as the cosine of the sun's right 
ascension. 
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the meridian iK^itli the star, or to the opposite side) gives the 
azimuth of the station-line* 

lY. By observing the AUUvde of a Star, and the Horizontal 
Angle between U and the Station-Line, — The altitude being corrected 
for refraction, the azimuth of the star is computed by taking the 
zenith distance, or complement of that altitude, the polar distance t 
of the star, and the co-latitude of the place, as the three sides of 
a spherical triangle; when the azimuth of the star will be the 

* The following is a table of the declinatioiis of a few of the more oon- 
spicaons stars for the Ist of January, 1865, together with the annoal rate at 
which those declinations are changing, + denoting increase, and — diminu- 
tion:— 

NORTHERN HEMISPHERE. 

Stab. North Declination. Bate of Annaal VarUttoa. 

a AndromediB, 28^' 20' 42" + l^-Q 

a Ursa Minons (Pole-Star), 88 35 23 +19-2 

a Arietis, 22 49 21 +17-2 

o Ceti, 3 33 28 + 14 '4 

a Persei, 49 22 39 +13-2 

a Tauri (Aldebaran), 16 14 6 +7-6 

a Aurigie (Capella), 45 51 24 +4-2 

a Orionis (Betekeuze), 7 22 43 +11 

a Geminorum (Castor), 32 10 52 — 7 '4 

a GaniB Minoris (Procyon), 5 34 7 ^- 8 "9 

/3 Geminorum (Pollux), 28 20 67 — 8 '3 

a Leonis (Regulns), 12 37 32 — 17 *4 

a Ursffi Majoris, 62 28 44 — 19 '4 

V UrsiB Majoris, 49 69 17 —18-1 

a Bootis (Arcturus), 19 63 12 —18-9 

a Ophiuchi, 12 39 39 —2-9 

a LyrsB (V«ga), 38 39 36 +31 

a Aquihe (^tair), 8 30 51 +9*2 

a Cygni, 44 47 68 +12 7 

a Pegasi (Markab),*. 14 28 46'5 + 19 -3 

SOUTHERN HEMISPHERE. 

8ti& South Declination. Bats of Annual Vaiiatf oa 

/S Ononis (Rigel), 8P 21' 38* — 4"-6 

a Golumb», 34 8 61 — 2 12 

a Argds (Ganopns), 82 Sfl 23 + 1 *8 

a Canis Mi^ons (Sirius), 16 32 1 + 4 '6 

a HydrsB, 8 4 31 +16-4 

fi Argfis ^ 68 68 29 +18 7 

a Oruds. 62 20 68*5 +19-9 

a Viiginis(Spica), ,. 10 27 21 +18-9 

a Centauri, 60 16 24 + 15 "0 ' 

a Scorpii (Antares). 26 7 46 + 8 '4 

a Triang^Ui Austnlis, 68 46 27 +7*4 

a Pavonis, 67 9 49 — 11 1 

a Gruis, « 47 36 46 — 17 "2 

a Pisds Australis (Fomalhaut),... 30 20 13 — 19 t^ 

f The polar distance is the complement of the dedinatbn. 
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angle opposite the side representing the polar distance. The 
azimuth of the station-line is then to be found as in Method i i^ 

V. Approximate Metliod by observing certain 
Stars. — In the northern hemisphere a meridian- ^ 

line may be fixed approximately by observing, j 

with the aid of a plumb-line, the instant when 
the Pole-star A, and the ster Alioth (« Ursse 
Majoris), appear in the same vertical plane. The 
Pole-star is marked A in fig. 36. 

8. Angle between T^r« neiidians. — When two 

points on the earth's surface have the same ^ f ^ 

latitude, but different longitudes, the horizontal .y^ ^ 

angle made by their meri(uans with each other is " tt- se 
found by the following equation : — ^' 

sin ^ horizontal angle = sin ^ difference of long, x sin * lat. 

9. Asirenomicnl Refimction. — ^The correction for refraction is 
always to be subtracted from an altitude. It may be found in 
seconds approximately by the following formula : — 

Befiraction = 58' x cotan apparent altituda 

For more exact information on the subject, see a paper by the 
Bev. Dr. Kobinson in the Transactions of the Royal Irish Academy ^ 
vol. xix. Tables of Refraction are given in treatises on Naviga- 
tion, such as Eaper's. 

Below about 8° or 10° of altitude the changeable condition of the 
atmosphere makes the correction for refraction very uncertain. 

10. iMp of the 8ea-Horinon» in seconds^ J (height of station in 
feet) X 57" '4, nearly. 

11. To And the lintitntie of a Place. 

Method I. By the Mean AUitvde of a CircampcHar Star, — ^Take 
the altitudes of a circumpolar star at its upper and lower culmina- 
tions (which positions are known by watching for the instants Dvhen 
the altitude is greatest and least). From each of those apparent 
altitudes subtract the correction for refraction; the mean of the 
true altitudes thus found is the latitude of the place. 

Method II. By One Meridian Altitude of a Star. — ^Observe the 
meridian altitude of a star by watching for the instant when its 
altitude is greatest or least, and subtract the corrections for 
refraction, and also for dip, if necessary. The complement of the 
true altitude is the zenith distance. Find the declination of the 
star from the Nautical Almanac (which is published four years in 
advance.) 

Then if the star is between the zenith and the equator, 

Ijatitude s Zenith distance + Declination; (1.^ 



FINDING THE ^lATITUDE. 123 

If tlie star is between the equator and the horizon, 

Latitude = Zenith distance — Declination; (2.) 

If the star is between the zenit& and the elevated pole. 

Latitude = Declination — Zenith distance; (3.) 

If the star is between the elevated pole and the horizon, 

Latitude = 180® — Declination — Zenith distance; ...(4.) 

Method III. By the SurCa Meridian AUUude, — ^In this method 
the final calculation, from the sun's declination, as found in the 
Naviical Almanac, and the true altitude of his centre, is the same 
as in Method II. But besides the correction for refraction and 
dip, the altitude requires to be further corrected by subtracting or 
adding the sun's semidiameter, according as his upper or lower 
. limb has been observed, and by adding the sun's parallax, being 
the angle subtended at the sun by the distance between the earth's 
centre and the place of observation. 

To find the correction for parallax, find the sun's horizontal 
parallax on the day of observation, from the Nautical Almanac, and 
multiply it by the cosine of the altitude of the sun's centre. 

(The mean value of the sun's horizontal parallax is about 8" -6). 

The sun's semidiameter on the day of observation is to be found 
in the Nautical Almanac, It varies from 15' 46" to 16' 18". 

The calculation may be thus set down algebraically — 

C True altitude = apparent altitude — Dip (if the sea- 
i horizon has been observed ~ ' 
( semidiameter + parallax ; 

Zenith distance z=z 90** — true altitude, (6.) 



^ ,, _,, , a.) 

-^ horizon has been observed) — Refraction ztz sun's > (5.) 



Latitude (see Equations 1, 2, 3, 4). 

Equations 1 and 2 are the most frequently applicable to the sun. 
Equation 3 is occasionally applicable between the tropics; and 
Equation 4 relates to observations made at midnight, in summer, 
in the polar regions. 

12. The DidTerence of liatitnde of two stations near each other 
is best found by observing the difierence of the meridian alti- 
tudes or ;cenith distances of the same star as seen from the two 
stations. 

13i To Meaniiw a Ba«e-l<lne for a Snrrej Approxlmatelr* by 

liatitBiiea.— The stations for the two ends of the base-line should be 
within sight of each other; not less than about fifty miles apart, if 
possible, and as nearly as possible in the same meridian. 
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Take the true azimuth of the base-line by Rule 7 ; and^ if possible, 
take it fi*om both statious, and take the mean of the results, 'which 
will be slightly different. 

Take the latitudes of both stations by Kule 11, and the difference 
of their latitudes by Rule 12. The difference should be taken with 
the utmost possible precision ; the absolute latitudes need not be 
determined so closely. Take the mean or half-sum of those 
absolute latitudes. 

Multiply the difference of latitude by the secant (or divide hy 
the cosine) of the azimuth ; reduce the angle so found to minutes 
and decimal fractions of a minute; multiply it by the length cor- 
responding to a minute of a great circle in the given mean latitude 
and azimuth (see Rule 6 ); the product will be the required length 
of base, correct to about one-6,000th part of itsell 

Example. — Suppose the datA to be as follows :-^ 



Mean azimuth, 30° 

Mean latitude, 60*^ 

Difference of latitude, 50' 

Then,— 

Difference of latitude _ 5(y /JT'-Tq*: 

cos azimuth "^ '86603 

X Length corresponding to one minute,*) 
as abeady computed in Example 1 of >• 6,094 feet. 

Rule 6, J 

Length of base required, 351,837 feet. 

Which is correct to the nearest 60 feet, or thereabouts. 

14. To Bedace an EleTated or Pcprc—ed Ba«e to the l<erd 

of tho Sea. — Multiply the base as measured, by its elevation above 
or depression below the sea-level, and divide by the earth's mean 
radius; the quotient will be the correction, to be subtracted if 
the base is elevated, or added if it is depressed (Earth's mean 
radius, accurate enough for the present purpose; 

20,900,000 feet, or 6,370,000 metres.) 
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Sectiok IL — Scales fob Plaks and Sections. 

1. Flans. 



OrdtxiarT Deaignation 
of Soala 



(1.) 1 inch toamfle,. 



(2.) 4 inches to a mile,. 



(3.) 6 iDcfaes to a mile,. 



(4.) 6*336 inches to a mile, . . 



(5.) 400 feet to an inch,. 



Fraction of 

real 
Dimensions. 



(6.) 6 chidns to an inch, , 



(7.) 15'84 inches to a mile, . . . 

(8.) 6 chains to an inch, or ) 
16 inches to a mile, { 



(9.) S5*344 faiches to a mile, 



(10.) 200 feet t« in inch,. 



68,360 

_1 

16,840 

1 

10,660 



10,000 

1 
4,800 



4,762 
1 

4,000 

1 

8,960 




2,400 



XJae. 



Scale of the smaller ordnance maps of 
Britain. This scale is well adapted 
for maps to be used in exploring the 
country. 

Smallest scale permitted by the stand- 
ing orders of parliament for the de- 
posited plans of proposed works. 

Scale .of the larger ordnance maps of 
Great Britain and Ireland. This 
scale; being just large enough to 
show buildings, roads, and other 
important objects distinctly in their 
true forms and proportions, and at 
the same time small enough to 
enable the eye of the engineer to 
embrace the plan of a considerable 
extent of country at one view, Is on 
the whole the best adapted for the 
selection of lines for engineering 
works, and for parliamentary plans 
and preliminary estimates. 

Decimal scale possessing the same ad- 
yantages. 

Smallest scale permitted by the stand- 
ing orders of parliament for ''en- 
larged plans'' of buildings and of 
land within the curtilage of buildings. 

Scale answering the same purpose. 

Scales well suited for the working 
surveys and land plans of great 
engineering works, and for en- 
larged parliamentary plans. 

(Scale 8 is that prescribed in the stand- 
ing orders of parliament for ** cross 
sections" of proposed railways, show- 
ing alterations of roads.) 

Scale of plans of part of the ordnance 
survey of Britain, from which the 
maps beforementioned are reduced. 
Well adapted for land plans of en- 
gineering works and plans of estates. 

Scale suited for similar purposes. 
Smallest scale prescribed by law for 
land or contract plans in IreUnd* 
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Ordinary Designation 
off 



Scale. 



(11.) 8 duuiiB to an inch, . 
(12.) 100 feet to an inch,. 



Fzmctionof 

real 
Dimensiona. 



(13.) 88 feet to an inch, or ) 
60 inches to a mile, ) 

(14.) 63*36 inches to a mile,... 

(16.) 44 feet to an inch, or ) 
120 inches to a mile, ) 

(16.) 126-72 inches to a mile, 



(17.) 80 feet to an inch,. 



(18.) 20 feet to an inch,. 
(19.) 10 feet to an inch,. 



2,376 
1 

1,200 
1 

1,056 

1 

1,0U0 

J_ 

628 
600 

JL 

860 
JL^ 
240 

1^ 

120 
&c. 



Use. 



Scale of the Tithe CommissionerB* plans. 

Suited for the same purposes as the 

above. 
Scale suited for plans of towns, when 

not very intricate. 

Scale of ordnance plans of the less in- 
tricately built towns. 

Decimal Scale having the same pro- 
perties. 

Scale of ordnance plans of the more 
intricately built towns. 

Decimal scale having the same pro- 
perties. 



Scales for special purpoeeai 



2. Sectioks. 



Ordinary Designation 
of Yerttcal Scale. 



(1.) 100 feet to an inch, 



(2.) 40 feet to an inch, 



Fraction 
of real 
Height 



1,200 



480 



(3.) 30 feet to an inch, 
(4.) 20 feet to an inch, 

&C. 



860 

1 

240 

&c. 



Horizontal Scales 

with which the 

Vertical Scale is 

OBoally combined. 



to 



16,840 10,660 



to 



4,800 3,960 



to 



3,960 2,376 
1 1 



to 



3,960 2,376 

&C. 



Exag^ 
geration. 



From 
13*2 to 8-8 



10 to 8*25 



11 to 6-6 
16-5 to 9*9 

&C. 



Use. 



Smallest scale permit- 
ted by the standing 
orders of parliament 
for sections of pro- 
posed works. 

Smallest scale permit- 
ted by the standing 
orders of parliament 
for cross sections, 
showing alterations 
ofroadSi 



Scales suitable for 
working sections. 
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"Vertical sections, on a large scale ( say j^ or Toa )> *^^ loitlir 
oui exctggeration, are required at the sites of special works. 

SEcmoN III. — Rules relating to Survetino. 

1. Chaining vn a Declivity — Reduction to the I^ereL — The 

correction is always to be subtracted from the distance as mea- 
sured. 

When the angle of inclination has been measured by a " clino- 
meter" or other angular instrument: — Correction in links per 
chain s= 100 x versed sine of inclination. 

"When the vertical fall in links for each chain of distance on the slope 

is known : — Correction in links per chain = 100 — \'l 0,000 — falR 

fall2 
When the slope is gentle : — Correction in links per chain = -^jt— 

nearly. 

1a. Expansion of measuring Bods and Chains. — Increase of length 

by an elevation of temperature of 100° Cent = 180° Fahr. : — ^brass, 
0-00216; bronze, 0*00181; copper, 0-00184; wrought iron and 
steel, 0-0012; cast iron, 0-0011; platinum, 0-0009; glass, 00009; 
dry deal, 00043. 

2. To Set Out a Bight Angle by the Chain. — Choose any two 

numbers; take the sum of their squares, the difference of their 
squares, and twice their product; those three numbers will be pro- 
portional — the first to the hypothenuse, and the other two to the 
two legs of a right-angled triangle, which is to be set out on the 
ground. 

For example: numbers chosen, 1 and 2; hypothenuse, 2^ + 1* 
= 5; legs, 22-1 = 3, and 2x2x1 = 4. Thisisthe 
most generally useful right-angled triangle. Other 

examples: 13, 12, 5; 25, 24, 7; 17, 15, 8; 29, 21, b,^ 

20; &C. \ 

3. Tie-i<ine. — In a chained triangle, ABC, fig. \ 
37, to find the length of a tie-line, A D. By calcu- \ 
lation, \ 

or by construction, draw the triangle and measure «. «« 

A D on paper. The measurement of A D on the 

groimd is a check on the accuracy of the measurement of A B, 

BC,CA. 
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Ca8£ I. — FFA^Ti ^ obsUicle can be chained round, 

BuLE I. (see fig. 37.) — A and D being marks in the etation- 

line at the nearer and further sides of the obstacle, set ont a triangle, 

A B C, of any form and size that will oonvenientlj enclose the 

obstacle, subject only to the conditions, that B and C 

are to be ranged in one straight line with D, and that 

the angles at B and C are neither to be very acute 

nor very obtusa Measure with the chain the lengths 

A B, A C, B D, D C, and find the length of A D as a 

j tie-line (Article 3.) 

I BuLE II. (see ^g. 38.) — Let A and D be marks at the 

nearer and further siaes of the obstacle respectively. 
Bange A B, D C at right angles to the station-line; 
make those perpendiculars equal to each other, and of 
FIff. 88. ^^7 length that may be requisite in order to chain past 
the obstacle along B C^ which will be parallel and equal 
to A D, the distance required. 

BuLE III. (see fig. 39.) — ^Let h and c be 
^t I points in the station-line at the nearer and 

pxX 5" further side of the obstacle respectively. From 

^ ^ ^^^^ « a convenient station. A, chain the lines A 6, 
I Ac, being two sides of the triangle A&c; 



I 



^«^ 



^v 



connect those lines by a line, B 0, in any 
exposition which will form a well-conditioned 
triangle, ABC, of as large a size as is 
practicable : measure its three sides. Then 
Fig^ 89. the inaccessible distance is given by the 

formula, 

h. >. //a72 a^ (A6 + Ac)2-(A6-Ac)2 
^^''Vi^^^^^- (AB-hAC)^^(AB-AC)^' 

(AB2 + AC* - BC2). I 

The same formula applies to such positions of the connecting line 
as B' C and B" C as weU as to B C. 

If A B and A C can be laid off so as to be respectively propor- 
tional to A 6 and A c, the triangles ABC and A & c become 
similar, B C is paiallel to 5 c, and the inaccessible distance is 
simply 

In this method, as well as in the two preceding, the inaccessible 
distance may be found by plotting. 

Case II. — When it ia impossible to chain round the obstacle. 
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EuLE rV. (see fig. 40.) — Let h and c be marks 
in the station-line at the nearer and further side i 
of the gap respectively. On the nearer side of the | 
obstacle, range the stations A and B in a straight 
line with o, making the angle 6 c B greater than 
30°, and place them so that the intersecting lines 
AbjBa, connecting them with two points, a and 
h, in the station-line, shall form a pair of triangles, ' 
a 6 C, A B C, with no angle less than 30"^. Mea- 
sure the sides of those triangles, and compute the » 
inaccessible distance 5 c as follows: 

^ ab'Ab'BG ' Kg. 40. 

'^^"CAaB — A6BCr 

As a check upon the position thus found for the point c, com- 
pute also the inaccessible distance B c as follows : 

ABaB 60 

^^"CaAb — aB'bCr 

This problem is solved graphically by plotting the figure ab 
c A B a, and producing a b and A B till they intersect in c. 

Rule "V*. (see fig. 41.) — ^When the inaccessible ^ 

distance BD does not much exceed three or four 
chains. At B set out BO perpendicular to the 
station-line, and of a length such as to make the 
angle at D not less than 30"^. At range OA 
perpendicular to D, cutting the station-line in A. 
Measure A B, B 0; then 

B0« 



BD = 



Fig. 41. 



When angrdar mstrwmenta are used, a gap in a station-line is 
measured by making it one side of a triangle, of which the angles 
and another side are given. 

5. iHeasvriag Areas of Iab4. — ^Almost all areas of land are made 
lip of parallelograms, trapezoids, and triangles (see Bules at page 
63), with the addition or subtraction of strips contained between 
straight station-lines and irregular boundaries (see Bules for " Any 
Plane Area," pp. 64 to 67.) For Land Measures, see p. 95. 

6. References to Bales of Trigoaonietrj. — ^The following are the 

rules of trigonometry chiefly used in surveying by angles : — 

For Plane Triangles ; 1, 2, page 53; and sometimes 3 and 4, 
pp. 53, 54; and 6, page 55. 

For Triangles so la/rge as to be sensibly spherical; the rule for 
spherical excess, page 55; and the approximate rules, 
page 58. 
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The three aogles of every triangle should be measoredy if possible, 
as a check upon accuracy. 

7. BcdBcttoa •f Angles to the Centre of the IMntlon. — ^When the 

theodolite cannot be planted exactly at a 
station in a trigonometrical suxrvey, but 
has to be placed at a short distance to one 
side of it, the angle actually measured 
between two objects is reduced to the angle 
which would have been measured had the 
theodolite been exactly at the station, by a 
correction which is calculated appiozi- 
Fie. 42. mately as follows : — 

In £g. 42, let C be the station, D the 
position of the theodolite, A and B two objects; A D B the hori- 
zontal angle between them as measured at D; A G B the required 
horizontal angle at the station 0. 

Measure C D, and the angle ADC; calculate A C and C B 
approximately as if A B were equal to A D B; then 

ACB = ADB-206264-.8CD{^i5^:^-^°|^^} 

The above formula gives the correction in seconds when D lies 
to the right of both C A and C B. When it lies to the left of 
C B, sin BD C changes its sign; when to the left of CA, sin 
ADC changes its sign. 

8. Redaction of Sextant-Angles to the I^eTel.-— To find with a 

reflecting instrument the horizontal angle between two objects that 
are not at the same level with the observer's eye. For an approxi- 
mate method, set up a vertical pole in a line with each object, and 
measure the. horizontal angle between the poles. For an accurate 
method, measure the angle between the objects themselves, and to 
take also the angle of altitude or depression of each. Find the 
zenith distance of each object by subtracting its altitude from, or 
adding its depression to, 90°. 

In i^g. 43, let O represent the observer's station ; O B, O C the 
directions of the objects; BOO the angle between 
them ; O D E a horizontal plane; DOB and E O C 
the altitudes of the objects; O A a vertical line, and 
A D E a spherical surface. 

Then, in the spherical triangle ABC, the three 
sides are given — viz., A B and A C, the zenith dis- 
tances, and B C, the angle between the objects; and 
the horizontal projection of that angle, being equal 
to the angle A, may be computed by the proper formula. (See 
page 57.) 
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9. Deftnrmiiiing Bcaa^^ms Afloat. — In fig. 44, let D be the station 
afloat ^hose position is to be determined; and A, B, C, three 
known fixed objects, or landmarks, which 
ought not to be in or near the circumference 
of one circle traversing D. With a sextant 
(or, better still, with two sextants) measure 
the angles^ A D B, B D C ; if practicable also, 
with a third sextant, measure the angle 
ADC = ADB + BDO, as a check on the 
accnracy of those angles. Then to plot the 
position of D, let A, B, and C be shown on 
the plan. From A draw A E, making the 
angle C A E = C D B: from C draw C E, 
making the angle A C E = A D B, and cutting A E in E : 
through the three points A, C, E describe a circle : through E 

and B draw a straight line cutting the circle in D ; D will be the 

required station on the plan. 

Or otherwise, — On a piece of tracing paper draw three straight 

lines radiating from one point, so as to make with each other 

angles equal to A D B and B D 0. Lay it on the plan, and 

shift it about till the three lines traverse A, B, and C respectively; 

the point from which they diverge beiug pricked through on the 

plan, wiU give the position of D. 

In the instrument called the station-pointer, three straight arms 

turning about one centre, and set to make any given angles with 

each other by means of a graduated arc, answer the purpose of the 

three lines on the tracing paper. 



Section IV. — Bules belatinq to LEVELLma and Sounding. 

1. CerrectioB for CnrrBtare and Refraction. — The correction for 

the earth's curvature, to be subtracted from the reading of a 
levelling-staff, is found as follows : Divide the square of the dis- 
tance from the level to the staff by the earth's diameter (41,800,000 
feet nearly, or 12,740,000 metres nearly). 

Or otherwise, — Take two-thirds of the square of the distance in 
statute miles for the correction in feet. 

The correction for refraction, to be added to the reading, is very 
variable and uncertain. On an average it may be taken at one- 
sixtfi of the correction for curvature. 

Correction for curvature and refraction combined, to be suhtracted 
from the reading on the staf^ — average value about 

= -. : — = 0*56 foot X (distance in statute miles)*. 

6 Earth's diam. ^ ^ 

2. iiercUing by Anf ics. — ^This piocess is approximate only. 
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Rule I. — Find the distance between the two objects whose 
difference of level is required. 

Measure the angle of altitude of the higher object as seen from 
the lower, and (at the same instant, if possible) the angle of depres- 
sion of the lower object as seen from the higher. (These are (billed 
reciprocal angles,) Take the half sum of those angles, and by its 
tangent multiply the horizontal distance between the objects : the 
product will be their difference of leveL 

KuLE IL — When one angle only can be taken, it must be cor- 
rected for curvature and refmction. The correction for curvature 
to be added to altitudes aud subtracted firom depressions is one- 
half of the contained arc; which contained arc is computed, in 
minutes, by dividing the horizontal distance, if in feet, by 6,076, or, 
if in metres, by 1,852. The correction for refraction is uncertain; 
but on an average it may be allowed for by diminishing the correc- 
tion for curvature by one-aixth of its amount. 

3. jjtiwtHUm^ hj Che Bar»Met«r* (Approximate only). — Let the 
quantities observed be denoted as follows : — 

Teinper»tai«B of fhe 

Helgbta Hercory, by Air, by 

StatloDBi of Mercurial ** attached^' ** detached*" 

oolanm. Thennometor. Theimcnneter. 

Higher, h t %' 

Lower, H T T'. 

Then, height of the higher station above the lower, for feet and 
Fahrenheit's scale, 

= 60360 {log. H — log. A-- -000044 (T--o}-(l + — 93^^); 
and for metres and the Centigrade scale, 

= 18400 { log. H— log. A-.-00008(T--0 } Yl +^g^. 

Common logarithms are used in both formulae. (See page 303.) 

In the absence of logarithms, for heights not exceeding about 
3,000 feet, or 1,000 metres, correct the mercurial column at the 
higher station as follows.: — 

,, , /, T — < (Fahr.)\ ". /, T — < (Cent)\ ^, 

^=^(.^-^— 10000-) = H^ 5550—;'*^"^ 

difference of level for feet and Fahrenheit's scale, 

"^""h + A'V * 986 )* 
and for metres and the Centigrade scale, 
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4. IjeTelllBC bj the BoilfaiC-p»lnt of Pore Walor. — ^Let boiling- 

point = T. Calculate z as follows: for feet and Fahrenheit's scale^ 

« = 517 (212^ — T) + (212^ — T)2; 

or for metres and the centigrade scale^ 

z = 284 (100*' — T) + (100^— T)2; 

the difference of the values of z at two stations will be their 
difference of level, nearly. 

5. Bedaction of SoondiMgs. — Take the difference between each 
sounding and the height of the surface of the water above the 
datum of the survey at the instant when the sounding was made, 
as found by a tide register. According as the sounding is the 

.;g^},thatdifferenceisthe(J:gJ,}ofthebottom{^-} 

the datum. 

In the absence of direct observations of the tide, the height of 
the surface of the water above the datum may be calculated approxi- 
mately as follows : — Divide the time before or after high water at 
which the sounding was taken by the whole duration of the rise or 
fall of the tide, and multiply the quotient by 180"; this gives the 
tidal cmgU, Multiply the cosine of the tidal angle by half the 

total rise of the tide ; the product is to be -{ , . tpA f \ *^® 

height of the mean tide-level above the datum, according as the 

tidal angle is { ^^ } . (See page 53, line 2.) 

Duration of the rise or fall of tide on an open coast, about 6h. 
12m. In narrow channels the duration of the rise is less, and that 
of the fall greater. 

Sectiok v.— Rules relating to Setting Out. 

1. Setting Out Centre I«lnes of Bailwaf Carres; 

E.ULE I. {see fig. 45). — To 
find the radius of a circular 
arc which shall touch succes- 
sively three given straight lines, 
B D, D E, EC. Measure the 
middle straight line DE, and 
the (KSiUe angles at D and E 
Then Fig. 45. 




(T\ 1S\ 

tan-^+tan s). 
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Bulb IL— To find the points of contact, B, F, C. 

DB = DF = radiuBxtan-2^; EF = EC=radius xtan^. 

BuLE III.— To calculate the lengths of the arcs BF and FC. 

B F s= radius x circular measure of D. 

F C = radius x circular measure of E. 

(Circular measure = angle in minutes x 0*0002909 

= angle in degrees x 0*017453; 
see also pages 39 and 41 .) 

Buu: TV. — To calculate the angle subtended at any station in 
the circumference of a circle by an arc of that cii-cle of a given 
length j divide the length of the arc by the radius, and multiply 
the quotient by 1718*873; the product will be the angle at the 
circumference in minutes : or, otherwise, convert the quotient into 
minutes of angle at the centre, by Table 4 K, page 39, and divide 
by 2 for the angle at the circumference. 

If the station is at one end of the arc, the angle in question is 
that between the tangent and the chord of the arc. 

BuLE Y. — To calculate approximately the chord of an arc of a 

given length in a circle of a 
given radius; from the length 
of the arc subtract the cube 
of that length, divided by 24 
times the square of the radius. 
BuLE VL — To set out a 

/L^^ circular curve of a given 

£^/^ radius touching two given 

'^^ straight lines in given points, 

B, C,fig. 46. 

It is convenient (though not 
fig. 46. always necessary) to find the 

middle point of the curve. 
For that purpose, range, by means of the theodolite, the line A D 
bisecting the angle at A, where the tangents intersect; and lay off 
the distance, — 

A D = r • f cosec W-— l) ; 

then will D be the middle point of the curve. 

The points B and (and also D, if marked) should be marked 
by stakes, distinguished in some way from the ordinary stakes, 
which are driven all along the centre line of the proposed railway 
at equal distances of one chaiu^ or 100 feet, or some other uniform 
dibtimce. 
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Any one of the points B, 0, or D will answer as a station for 
the theodolite in ranging the curve. When the length of the curve 
exceeds about half a mile, the middle point, D, is the best station 
as regards accuracy and convenience. 

The following is the process of ranging the curve with the theo- 
dolite planted at its commencement, £ : — 

For brevity's sake, the distance between the stakes which mark 
the centre line of the proposed railway will be called " a chain," 
-whether it is 66 feet, 100 feet, or a greater distance. 

I/et o, in fig. 46, represent the last stake in the portion of the 
straight line immediately preceding the curve; the distance B I 
from the commencement of the curve to the £rst stake in it will be 
the difference between one chain and o B. The angle at the cir- 
cumference subtended by the arc B 1 having been calculated by 
Hule IV., is to be laid off by the theodolite from the tangent 
B A, the zero-point of azimuth being directed towards A. The 
line of coUimation will then point in the proper direction for 
the first stake in the curve, 1 ; and its proper distance from B 
being laid off by means of the chain, its position will be deter- 
mined at once. 

The angles at the circumference subtended by B 1 + 1 chain, 
B 1 + 2 chains, B 1 + 3 chains, &c., being also calculated and laid 
off from the tangent B A in succession, will respectively give the 
proper directions for the ensuing stakes, 2, 3, 4, <fec., which are 
at the same time to be placed successively at uniform distances of 
one chain by means of the chain. 

The difference between an arc of one chain and its chord, on any 
curve which usually occurs on railways, is in general too small to 
cause any perceptible error in practice, even in a very long 
distance ; but should curves occur of unusually short radii, calcu- 
late the proper chord by R-ule Y., and set it off jfrom each stake 
to the next, instead of one chain, the length of the arc. 

"When the curve is ranged with the theodolite at D, or at any 
other intermediate i)oint in the curve, or at its termination, C, the 
process is precisely the same, except that the zero-point of azimuth 
is to be turned towards B instead of A ; and that when the chain 
passes the theodolite station (for example, in going from stake 4 
to stake 5 in ^g, 49, with the theodolite at D), the telescope is to 
be turned completely over. 

When the inequalities of the ground make it impossible to range 
the entire curve from the stations B, B, and C, any stake which has 
already been placed in a commanding position will answer as a 
station for the theodolite. 

The stakes or poles, after having been ranged by the theodolite, 
should have their positions finally checked and adjusted by the 
method of ofisetS; for which see page 137. 
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KuLB VII. (see ^g. 47). — To set out a drcular curve of a given 

radius, r, touching two given straight lines, A B, A C, when the 

^ point of intersection of those lines. A, is 

inaccessible. 

Chain a straight line, D E, upon acces- 
sible ground, so as to connect the two 
tangents. The position of the trcmsversal 
D E is arbitrary; but it is convenient so 
to place it that it will cut the proposed 
p. -.y ^ curve in two points, which may be deter- 

^' * mined, and used as theodolite station& 

Measm^e the angles A D E, A E D, which may be denoted by 
D and E. Then the angle at A is 

A=:180^-D-E; 

DB = r-cotan-5^ — AD; EC = r-cotan-3-- AE; 

and by laying off the distances D B and E C as thus calculated, the 
ends of the curve B and C are marked, and it can be ranged from 
either of those stations as in Kule V I. 

But it is often convenient to have intermediate points in the 
curve for theodolite stations; and of those the points of intersec- 
tion with the transversal H and K, and the point G, midway 
between these, can be found by the following calculations, in mak- 
ing which a table of squares is useful (page 11) : — 

Let F be the point on the transversal, midway between H and K. 

If B D = C i; the point F is at the middle of D E. If B D and 
E are unequal, let B D be the greater; then the position of F is 
given by either of the two following formulae : — 

^^ DE , BD2-CE2 ^^ DE BD^-CE^. 

D p = __ -4- ___: z. _ . • E F — -■— — 

^' 2 ^ 2DE '^'— 2 2DE 

The points H and K are at equal distances on each side of F, 
given by the following formula : — 

F H = F K = ^ (D F2 - B D2) = ^ (E F2 - C E2). 

The point G in the curve is found by setting off the ordinate 
F G perpendicular to D E, of the following length : — 

FG = r-^r2-FH2. 

The angles subtended at the centre of the curve bv the several 
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arcs between the commencement B and the points H^ G^ K, C^ are 
as follows: — 

F H 
Angle sabtended at the centre by B H = D — ai*c * sin 



r ^ 

— — — — BG = D; 

FH 

r 

— — — — BC=D + E; 



— — — — BK = D + aro'sin ; 



and the length of any one of those arcs may be computed by means 
of Rule III. 

KxjLE VIII. — To set out a circular curve touching two given 
straight lines^ when part of the curve is inaccessible to the 
chain. 

If the point of intersection of the tangents is accessible, the two 
ends of the curve are to be determined and marked as in Eule I., 
and also the middle point of the curve, unless it lies on the 
inaccessible ground; and the length of the curve is to be computed 
by Rule III. 

If the point of intersection of the tangents is inaccessible, the 
two ends of the curve, and at least one intermediate point, are to 
be determined and marked by the aid of a transversal, as in Kule 
VII., and the lengths of the arcs bounded by those points are to 
be computed. 

A transversal may be useful even when the point of intersection 
of the tangents is accessible. 

Each of the points thus marked will serve either as a theodolite 
station, or as a station to chain from, or for both purposes; and the 
stakes lying between the obstacle and the next station beyond it 
are to be planted by chaining backwards from that station. 

Rule IX. — To set out a circular curve by offsets commencing at 
a given point on a straight line (fig. 48). 

Let A be the commencement of the 
curve; AB the prolongation of the 
straight line (being a tangent to the 
curve) ; and B the end of the chain when 
laid along that prolongation from the 
last stake in the stmight line. Plant 
a small pole at B, calculate the offset Fig. 48. 

B C by the formula B C = ^ — -^^ — ; shift the end of the chain, 

and the pole along with it, sideways from B to C, keeping the 
chain tight, and leave the pole at C. 

Drag the chain onward in the prolongation of A C; range a 
pole at D in a straight line with A and 0, and at one chain'» dia- 
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tance from C; shift the pole and the end of the chain through the 

P* IT • A Tl 

offset D E, calculated by the formula, D E = -s — ^. — . 
X 2 radius 

Drag the chain onward; range a pole at F in a straight line 

with C and E, and at one chain's distance from E; shift the pole 

and the end of the chain through the o&et F G, calculated by the 

CE2 
formula F G = —r-. — > leave the pole at G, and repeat the same 

process for the rest of the curve. 

This method is clumsy and tedious as a means of ranging curves; 
but it is very useful for testing the uniformity of curvature of 
curves already ranged, and for rectifying the positions of individual 
stakes to the extent of an inch or two. 

KuLE X. — To set out a circular curve by successive bisections 
of arcs. 

This is a method to be used only in the absence of angular 
insti-uments. It depends on the following relation between the 
versed sine of an angle B and that of its half: 



vei*sin 



m|=l- Y^l- 



versin B 




Fig. 49. 



To apply this principle, let 
B A, C A, in fig 49, be the two 
tangents, and B and C the ends 
of the curve, so placed that A B 
and A C shall be equal, but 
leaving the radius to be found by 
calculation. Measure the chord 



BC. 



To find the radius, bisect B C in E, measure A E, and make 

ABBE 



radius 



AE 



Calculate the versed sine of the angle A B E = B, which is that 
subtended at the centre by one-half of the curve, as follows : — 

AB-BE 

3 



versin B = 



AB 



and by means of the first formula of the rule (using a table of 

B B B 

squares, if one is at hand) calculate the versed sines of "o* "t-j -oi 

<kc., in succession, observing that versin B enables one intermediate 

'^ B B 

point in the curve to be found, versin q, three points^ versin p 
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seven points; and generally, tliat versin -^ enables 2* +^ — 1 in- 
termediate points in the curve to be found. 

From the middle, E, of the chord B C, and perpendicular to it, 
lay off the offset E D = r versin B; D will be the middle point of 
the curve. 

Chain and bisect the chords B D, D C, and from their middle 
points, and perpendicular to them, lay off" the ofi&ets 

H K = I L = r versin -^; 

K and L will be points in the curve, midway respectively between 
B and D, and between D and C ; and so on until a sufficient 
number of points have been marked by poles. 

Then chain round the curve as ranged by the poles, and drive 
stakes at equal distances apart. 

The uniformity of the curvature may be finally checked by 
Rule IX. 

2. Cast of Balls of a Cnixe. — Divide the square of the greatest 
ordinary speed of a train by the radius of the curve, and by a 
divisor whose values are as follows : — 

For speed in feet per second and radius in feet, 32 ; 

For speed in miles per hour and radius in feet, 15; 

For speed in metres per second and radius in metres, 9*8. 

Midtiply the quotient by the gauge of the rails; the product will 
be the cant required, in the same sort of measure with the gauge. 

Ft In. Metres. 

British narrow gauge, 4 8^= 1*435 
British broad gauge, 7 = 2*134 
Irish gauge, . . 5 3=.- 1*600 

Half of the cant should be given by raising the outer rail above the 
level of the centre line, and half by depressing the inner rail. 
Eiutmples of cant in feet for 40 miles an hour : — 

Qtwagfi. 
Ft In. 

4 8^ ... 500 -*- radius in feet. 

5 3 ... 560 H- radius in feet. 
7 ... 747 -^ radius in feet. 

Additional cant for cylindrical wheels at speeds not exceeding 12 
miles an hour, 600 feet -r radius in feet. 

3. To Ease Changes of Carratare (Froud^8 Method), 

Begin by ranging the centre line as a series of straight lines and 
circular arcs, by the rules of Article 1 of this Section. Calculate 
the cant of each curve by the i*ule of Article 2. 
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Rule I. — Compute the several cha/ngea q/* eamt at the junctions 
of curves with straight lines and with each other, observing that 
the change of cant between a straight line and a curve is simplj 
the cant of the curve ; that if two adjacent curves are curved in 
the same direction, the change is the difference of cant ; and that if 
they are curved in reverse directions, the change is the sum of the 
two cants. 

Multiply the greatest change of cant by 300; the product will he 
the length of the curve of adjiistTMnt, 

BuLE II. — Compute, for each circular arc of the series, the shift 
as follows : — 

Shift s= (length of curve of adjustment)* -^ 24 radius. 

Then shift the poles by which a given circular arc is marked 
inwards (that is, towards the centre of curvature of the arc) through 
the distance computed by the above formula. For example, in 
fig. 50, let A B, B C be a pair of consecutive circular arcs, marked 




Fig. 60. 



by poles, and joining each other at their point of contact, B. Let 
B E, B F be the eh^a proper to those two arcs respectively; after 
all the poles have been shifted, they will mark the arcs D E, F G, 
having a gap between them at £ F, equal to the sum of the two 
shifts, if the arcs are curved in reverse directions, or the difference 
of the shifts, if the arcs are curved in the same direction. Straight 
lines are not to be shifted; so that where a curve joins a straight 
line, the gap is simply the shift of the curve. 

BuLE III. — Set out the " curve ofadjustTnent " I H K as follows : — 
For its middle point bisect the gap £ F in H. For its ends I and 
K lay off £ I and F K, each equcd to half its length, a« computed 
by Rule L For intermediate points in the division I H lay off 
ordinates at right angles from a series of points in the circular arc 
I E, proportional to the cubes of the distances from I; and for 
intermediate points in the division K H lay off ordinates at tight 
angles from a series of points in the circular arc K F, proportion&l 
to the cubes of the distances from K. 

Let a denote the length I K of the curve of adjustment; 
5, the gap £ F, or sum of the shifts; 



Formula for ordinates, y = ,,,^.^3 = -000,001,11 sfi. 
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X, the distance, measured on the circular arc, of any point 
from I or from K, as the case may be; 
the ordinate; then 

45a:8 

Example. — A curve of 20 chains radius (= 1,320 feet), with 
cant suited to a speed of 40 miles an hour on a narrow gauge line, 
is to be connected with a straight line. 

Cant (see p. 139) = 500 feet -^ 1,320 = -3788 foot; 
Length of curve of adjustment, a = -3788 x 300 = 113*6 feet; 
Shift for circular arc = (113-6)2 ^ 24 x 1,320 = -407 foot; 
(As the arc is to join a straight line, this is also = the gap 6.) 

4 X -407 a^ 
(113-6)^ 

KiTLE IV. — ^To connect a circular arc and a straight line, or two 
circular arcs, which do not touch or cut each other, by means of a 
curve of adjustment. Fig. 50 illustrates the case where two arcs 
curved in reverse directions are to be connected; ^g, 51, that in 
which two arcs curved in the same direction are to be connected. 

Find the pair of points at which the arcs or lines to be con- 
nected are nearest to each other. This is best done by first finding 
two pairs of points at which the 
lines to be connected are at equal 
distances apart; the pair of points 
required will be midway between 
those two pairs of points. Let E 
and F be the pair of points thus 
found; measure the ga/p E F, then '^* 

calculate the half-length of the curve of adjustment by means of the 
following formula, in which r and r' denote the radii of the arcs to 
be connected : — 

EI=FK = ^ {6EF^(1=±:^)); 

the sign + or — being used in the denominator, according as the 
directions of curvature are reverse or similar. If one of the lines 
to be connected is straight, 1 -i- r' is to be made = 0; so that the 
formula becomes 

EI = FK= V6EF-r. 

The curve of adjustment is now to be set out by ordinates, as in 
Rule IIL 

4. Breadth •f Formation of a Ballwaf • — The following are ex- 
amples :— 
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Single Line. gSST 

Ft In. 

Clear space ontside of rail, 4 o 

Head of rail, o 2i 

Ganee, 4 8^ 

Head of rail, o 24 

Clear space outside of rail, 4 o 

Least breadth of top of ballast ; and 1 

least width admissible for archways, > 13 li 

&c., traversed by the railway, ) 

Spaces for slopes of ballast, and ( |-q-- « -qi ' 

benches beyond them, on em- < . i'loJ! 

bankments, ( ^ ^^ 

Total breadth of top of embank- ) from 17 o ) 

ments, } to 22 o{ 



Irish 


Broad 


Gauge. 


Gauge. 


Ft In. 


Pt In, 


4 


4 


2^ 


24 


5 3. 


7 


24 


24 


4 


4 



13 8 



4 4 



18 o 



15 5 



9 2 



24 7 



Double Line. Narrow irish J?'^^^ 

" ^^^ Gauge. Gauge. Gauge. 

Ft In. Ft In. Ft In. 

Clear Space outside of rail, 40 40 40 

Head of rail, o 24 o 24 o 24 

Oauffe, 4 84 53 70 

Head of rail, o 24 o 24 o 24 

Middle space (called the **8ixfeet,*^) 60 60 60 

Head of rail, o 24 o 24 02^ 

Gauge, 4 84 53 70 

Head of rail, o 24 o 24 o 24 

Clear space outside of rail, 40 40 4 ^ 

^^^i^^^^^^ ^^^M^MM^R^H ^B^^^^a^^M^ 

Least breadth of top of ballast ; and ) 

least width admissible for archways, [^ 24 3 25 4 28 10 

&c , traversed by the railway, ) 

Spaces for slopes of ballast and ( ft.^.-. , ^ j 

trenches beyond them, on em- -<x Ic 4^ 9^ 

bankments, ( ® <> 9 ) 

Total breadth of top of embank- J from 28 o ) ^ ^o 

ments, f. } to 33 0} 30 o 3^ o 

Additional width at bottoms of cuttings, from to 9 feet. 

Arches over the railway are seldom made of the minimum spans 

shown by the foregoing tables, except in the case of tunnels. Bridges 
over narrow gauge lines are usually of the following spans : 

over a single line, from 16 to 18 feet; 
over a double line, from 28 to 30 feet 

5. Breadths of Slopes of Barthwork. — Let h denote the central 
depth of the piece of earthwork, whether cutting or embankment; 

b, the half-breadth of its ba«e, or formation; 
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*, the rate of slope of the earthwork; that is, 8 horizontal to 1 

vertical; 
r, the rate of sidelong slope of the natural ground, if any ; 

that is, r horizontal to 1 vertical ; 
B, the required breadth of the slope of the earthwork. 

Case I.~In ground level across, B = « ^. 

Case II. — In ground that slopes away from the base^ 

r — 8 \ rj 

Case III. — ^In ground that slopes towards the base, but without 
intersecting it; 

B=-L£_.fA-^y 

r + « \ r/ 

Case IY. — ^In ground that intersects the base between the centre 
line and the edge of the earthwork. 



r — 8 \r J 



SECmON YI. — BULES RELATING TO MENSURATION OP EaRTH 

WORK. 

1. Sectional Areas' of Earthwork. — FigS. 52, 53, and 54 repre- 




Fig. 62. Fig. 63. 

sent examples of cross-sections of pieces of earthwork, in each of 
which D E is the base, A B the 
natural surface, and D A and E B 
are the slopes. 

Figs. 52 and 53 represent cut- 
tings ; to represent embankments, 
conceive them to be tujmed upside 
down. 

Fig. 54 represents a piece of earthwork, of which one side, 
Q E B, is in side cutting, and the other, Q I) A, in embankment 

The following are the symbols used in the rules:—- 
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Nataral slope of the groimd, r (horizontal) to 1 (vertical). 
Slope of the earthwork, s (horizontal) to 1 (yertical). 

Half-breadth of base, D F = F E = 5. 

Central depth, F = K 

Area of cross-section, A. 

In many measurements of earthwork having sections such as 
figs. 52 and 53, it is convenient to suppose the slopes produced 
till they meet at K, and to calculate or measure the following 
quantity : — 

Augmented depth, CK = ^ + — =^. 

To find k by direct measurement in a longitudinal section of 
earthwork, draw a line parallel to the formation line of the work, 

and at the vertical distance - below it in cuttings, or above it in 

embankments. Depths measured from that line to the surface of 
the ground will be augmented depths. 

BuLE I.-^When the ground is level across; 

A = triangle A B K - triangle DEK = «*2 

Or othertoise,-^ 

BuleIa. 

A = rectangle D G H E + 2 triangle AD = 21 h -h sh^ 

BuLE II. — ^When the ground has an uniform sidelong slope, not 
intersecting the base, as in fig. 53, 

A = triangle A B K - triangle D E K = ^ ^g * ^^ - -. 

BuLE III. — ^To find the augmented depth in ground level across, 
of a cross-section of earthwork equal to a given cross- section in side- 
long sloping ground ; take a mean proportional between the aug- 
mented depths measured from K vertically to the two edges A and 
B respectively; that is to say, in fig. 53, parallel to D E, draw A M 
and B P, cutting the vertical centre line in M and P; then make 

A;'= ^(KM-KP); 

and the area may be found by Bule I., as follows : — 

&2 A2 

A=r5*^-- = «-KM-KP--. 

8 8 

BuLE TV. — ^When the ground has a sidelong slope intersecting 
the base at Q, in ^g, 54. Let A' be the larger and A" the smaller 
division of the cross-section. 

A' = triangle Q E B = ^44^^^i 
^^ ^ 2 Ir - 8)' 
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A'' = triangle Q D A = §^1^. 
" 2 (r " 8) 

2. Telames or Quatlties of Earthwork. — KULE I. — ^When a 

series of equidistant cross-sections are given, see p. 72, Article 5; 
also the rales there referred to, A, B, C, pages 64 to 66. 

Rule II. — ^When the piece- of earthwork to be measured is a 
^'prismoid/' as shown in page 74, fig. 12, use the rule given in 
that page below the figure. 

The most simple algebraical expression of that rule, as applied to 
the present case, is as follows : — The prismoidal piece of earth to 
be zneasui-ed is to be considered as formed by a wedffe of a cross- 
section such as A B K in fig. 52 or ^g, 53, from which is taken 
away a wedge of uniform cross-section such as D E K. 

Jjet X denote the length of the piece of earth; k^ and k^, the 
values of the augmented deplh C K at its two ends ; then, 

Volume = «-{g^5^- (a? + (*i +*,)« + ^) - j } 

lr2-«*\ 4 12 J 8) 

The last formula is specially suited for calculation by the aid of 
a table of squares. 

When the ground is level across, the co-efficient of the first term 
becomes simply = 8. 

The quantity in brackets by which the length x is multiplied is 
the mean sectional area. 

If the measurements are in feet, the preceding rules give 
quantities in cubic feet. To reduce these to cubic yards divide 
by 38 = 27. 

Rule III. — ^When earthwork on sidelong ground occurs on a 
sharp curve. By the rules of pages 142, 143, calculate the half- 
breadchs (A L, B K, fig. 53) required for the two slopes; take 
their difference, and divide it by three times the radius of the curve ; 
the quotient is to be added to or subtracted from 1, according as 
the greater half-breadth lies from or towards the centre of the 
curve. The result will be a factor by which the area A B K in 
fig. 53 — ^that is, the first of the two terms of the formula in Bule II., 
page 144 — is to be multiplied. From the product subtract the area 
D E K; the remainder will be an area modified for curvature; 
then proceed as in Bule I. of this Article. 
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PART IV. 

RULES AND TABLES RELATING TO DISTRIBUTED 
FORCES AND MECHANICAL CENTRES. 

L Specific Oruritj (as stated at page 102) is the ratio of the 
weight of a given bulk of a given substance to the weight of the 
same bulk of pure water at a standard temperature. In Britain 
the standard temperature is 62® Fahr. = 16® -6 7 Cent. In France 
it is the temperature of the maximum density of water = 3° -94: 
Cent. = 39°-l Fahr. 

In rising from 39°-l Fahr. to 62° Fahr., pure water expands in 
the ratio of 1-001118 to 1; but that difference is of no consequence 
in calculations of specific gravity for engineering purposes. 

Rule I. — ^To find the specific gravity of a solid body that is 
heavier than water approximately, by experiment. Weigh it in 
air, and again weigh it immersed in pure water. Divide the 
weight in air by the loss of weight when immersed (or buoyancy) ; 
the quotient will be the- specific gravity. 

Rule II. — When the body is lighter than water, weigh* it in 
air ; then load it with a piece of a substance heavier than water, 
and large enough to make the light body sink, and weigh them in 
water together. Also weigh the heavy body separately, in air and 
in water. Subtract the buoyancy of the heavy body from the 
buoyancy of the two bodies together; the remainder will be the 
buoyancy of the light body separately; by which its weight in air 
is to be divided as before. 

Rule III. — To find approximately the specific gravity of a 
liquid; weigh some convenient solid body in air, in pure water, 
and in the given liquid; divide the buoyancy or loss of weight in 
the given liquid by the buoyancy in water; the quotient will be 
the required specific gravity. 

Rule IY. — To find approximately the specific gravity of a solid 
body that is soluble in water; ascertain its buoyancy in some liquid 
which does not dissolve it, and whose specific gravity is known ; 
divide the weight in air by the buoyancy in that liquid^ and 
multiply the quotient by the specific gravity of the liquid. 

The approximate character of all those rules arises from their 
not taking account of the buoyancy due to the pressure of the air, 
whether on the body weighed or on the weights ; but for ordinary 
practical purposes the error so occasioned is immaterial. 
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2. The HearineM of any substance (as stated at page 102) is the 
weight of an unit of volume of it in units of weight. 

In British measures heaviness is most conveniently expressed in 
lbs. avoirdupois to tlie ctMc foot; in French measures, in kUo' 
grammes to the cubic decimetre, 

KuLE Y. — Given, the specific gravity of a substance; to find its 
heaviness; multiply by the heaviness of water. 

(In British measures 62*4 lbs. to the cubic foot is near enough 
for practical purposes; in French measures no calculation is 
needed, heaviness and specific gravity being identical.) 

3. The Deasitf of a substance is either the number of units of 
mass in an unit of volume (^ee page 104), in which case it is equal 
to the heaviness,— or the ratio of the mass of a given volume of 
the substance to the mass of an equal volume of water, in which 
case it is equal to the specific gravity. 

In its application to gases the term " Density" is often used to 
denote the ratio of the heaviness of a given gas to that of air, at 
the same temperature and pressure. 

4. The BaikimeM of a substance is the niunber of units of volume 
which an unit of weight fills; and is the reciprocal of the heaviness, 
(See Table of Reciprocals, page 11.) 

In British measures bulkiuess is most conveniently expressed in 
ctibicfeet to the lb, avoirdupois ; in French measures, in cubic ded' 
metres to the kUogramm^, 

KuLE VI. — Given, the specific gravity of a substance ; to find 
its bulkiness ; divide the bulkiness of pure water by the specific 
gravity of the given substance. 

(In British measures 0-01602 cubic foot of pure water to the lb. 
is near enough for practical purposes; in French measures the 
bulkiness of pure water is 1.) 

5. Effect of Heat on Bulkiness. — Bise of temperature produces 
(with certain exceptions) increase of bulkiness. 

ItuLE VII. (For perfect gases). — Given, the bulkiness of a 
perfect gas at the temperature of melting ice; to find its bulkiness 
under the same pressure at any other temperature; multiply by 
the given temperature, as reckoned from the absolute zero (see page 
105), and divide by the absolute temperature of melting ice (274"* 
Cent = 493°-2 Fahr.) 

BrUiiE VIII. (Approximate rule for water). — Divide the given 
temperature by 500° Fahr. or 278° Cent ; divide 500° Fahr. or 
278° Cent \fj the given absolute temperature; multiply the half- 
sum of the quotients by the least bulkiness of water (0 1602 cubic 
feet to the lb., or 1 cubic decimetre to the kilogramme); the product 
wiU be the required bulkiness nearly enough for practical purposes. 

Example. — ^Given, temperature on common scale, 212° Fahr.; 
that is. 212° + 46r-2 = 673°2 Fahr., absolute. 
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9 ( n(\(\ "*" fiT^To) ~ 1*045, ratio Id which the bulkiness is 
increased (the exact ratio is 1*04775, so that the error is about 

400^' 

0-01602 X 1-045 = 0-01675 cubic foot to the lb.; bulkiness 

required, nearly 

62*425 

= 59*7 lbs. to the cubic foot; coTresi)onding heaviness, 

nearly. 

The following are the rates of expansion in bulk, in rising from 
the freezing point {(f Cent, or 32** Fahr.) to the boiling point (100^ 
Gent or 212^ Fahr.) of some materials : — 

Perfect gases, ■, 0-365 

Air at ordinary pressures, 0-366 

Pure water, o*04775 

Sea-water, ordinary, 0*05 

Spirit of wine, o-iiia 

Mercury, 0-018153 

Oil, linseed and olive, 0*08 

Brass, ...0-0065 

Bronze, o -0054 

Copper, 0*0055 

Cast iron, 0*0033 

"Wrought iron and steel, 0-0036 

Lead, 0-0057 

Tin, o*oo66 

Zinc, 0*0058 

Brick, common, o'o 106 

„ fire, 0*0015 

Cement, 0-0042 

Glass (average), 0-0027 

Slate, 0-0031 

6. Bffect of Preamre on BnlklneM of Perfect Oases. — Given, the 

bulkiness of a perfect gas at a given temperature and under the 
absolute pressure of one atmosphere; to find the bulkiness at 
the same temperatui-e under any other pressure; divide by the 
absolute pressure in atmospheres (see page 115). 

7. Explanation of the Tables. — ^Table I. is a general table of 
heaviness in lbs. to the cubic foot for gases, liquids, and solids, and 
of specific gravity for liquids and solids. Table II. gives the 
heaviness of eai-th in lb& to the cubic foot and to the cubic yard 
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Table III. gives the heaviness of various kinds of rock in lbs. to 
the cubic foot^ and to the cubic yard; and the bulkiness in cubic 
feet to the ton. Table IV. gives, for various metals, the weights of 
a cubic inch (column A) ; of a bar a foot long and an inch square 
(column C); of a round rod a foot long and an inch diameter 
(column B) ; of a plate a foot square and an inch thick (column D) ; 
of a cubic foot (column E); and of a sphere one inch in diameter 
(column F). To find the weight of one foot of a round rod of 
a diameter given in inches ; multiply the number in column B by 
the square of the diameter. For the weight of a foot of a cylin- 
drical tube, multiply the number in column B by the difference of 
the squares of the outside and inside diameters. For the weight 
of a solid sphere, multiply the number in column F by the cube of 
the diameter. For the weight of a hollow sphere, multiply the 
same number by the difference of the cubes of the outside and 
inside diameters. 



I. — General Table of Heaviness and Specific Gravity. 

Weight of a cnbio 
foot in 

Gases, at 32° Fahr., and under one atmosphere: ^^ avoirdupois. 

Air, 0-080728 

Carbonic acid, 0*12344 

Hydrogen, 0*005592 

Oxygen, 0089256 

Nitrogen, 0078596 

Steam (ideal), 0*05022 

JEither vapour (ideal), 0*2093 

Bisulphuret-of-carbon vapour (ideal), 0*2x37 

defiant gas, 0*0795 

Liquids at 32" Fahr. (except Water, ^«*«** j' » c^wo Spedflo 

,.,.*1, ^^ ^ni x' '00* ^ gravity, 

wnicn IS taken at 39°'l Fahr.) : Rml ayoirdnpoia. pure water = 1. 

Water, pure, at 39°i,. 62-425 1*000 

„ sea, ordinary, 64*05 i'026 

Alcohol, pure, 49*38 0*791 

„ proof spirit, 57i8 0*916 

-^ther, 4470 0*716 

Mercury, 848*75 I3'59<^ 

Naphtha, 52*94 0*848 

Oil, linseed, 58*68 0*940 

}> olive, 57*12 0*915 

„ whale, 57*62 0*923 

„ of turpentine, 64*3^ 0*870 

Petroleum^ 54'di 0878 
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Weight of a oaMo Spedfle 

foot in gravity, 

lbs. avoirdupois. pure water = L 

Solid Mineral Substances, non-metallic : 

Basalt, i87'3 3*00 

Brick, 125 to 135 2 to 2*167 

Brickwork, 112 i-8 

Chalk, 117 to 174 1-87 to 278 

Clay,.... 120 1-92 

Coal, anthracite, xoo 1*602 

„ bituminous, 77*4 to 89*9 1*24 to 1*44 

Coke, 62*43 ^ 103*6 x*oo to 1*66 

Felspar, i62'3 2*6 

Flint, 164*2 • 2*63 

Glass, crown, average, 156 2*5 

„ flint, „ 187 30 

„ green, „ 169 27 

„ plate, „ 169 27 

Granite, 164 to 172 2*63 to 2*76 

Gypsum, ^43'^ 2*3 

Limestone (including marble), 169 to 175 2*7 to 2*8 

„ magnesian, 178 2*86 

Marl, 100 to 119 1*6 to 1*9 

Masonry, 116 to 144 1*85 to 2*3 

Mortar, 109 1*75 

Mud, 102 1*63 

Quartz, 165 2*65 

Sand (damp), 118 1*9 

„ (dry), 88-6 1*42 

Sandstone, average, 144 2*3 

„ various kinds, 130 to 157 2*08 to 2*52 

Shale, 162 2*6 

Slate, 17s to i8t 2*8 to 2*9 

Trap, 170 2*72 

Metals, solid : 

Brass, cast, 487 to 524*4 7*8 to 84 

» wire, 533 8*54 

Bronze, 524 8*4 

Copper, cast, 537 8*6 

„ sheet, 549 8*8 

„ hammered, 556 8*9 

Gold, 1 186 to 1224 19 to 19*6 

Iron, cast, various, 434 to 456 6*95 to 7*3 

•„ average, 444 7*11 

Iron^ wrought, various, 474 to 487 7*6 to 7*8 
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Weight of a cabio Specific 

foot in gravity, 

Iba avoirdnpoia. pore water = 1. 

Metals, solid, — corUimied. 

Iron, wrought, average, 480 7*69 

Lead, 712 11-4 

Platinum, 1311 to 1373 21 to 22 

Silver, 655 10*5 

Steel, 48»7 to 493 78 to 79 

Tin, 456 to 468 7*3*07-5 

Zinc, 424 to 449 6*8 to 7*2 



Timber : * 

Ash, 47 0753 

Bamboo, 25 o'4 

Beech, 43 0*69 

Birch, 44*4 0711 

Blue-Gum, 52*5 0*843 

Box, 60 ' 0-96 

Bullet-tree, 65-3 1-046 

Cabacalli, 56*2 0*9 

Cedar of Lebanon, 30*4 0*486 

Chestnut, 334 0535 

Cowrie, 36*2 o*579 

Ebony, "West Indian, 74-5 i '^ 93 

Elm, 34 0-544 

Fir: Red Pine,. 30 to 44 0*48 to 07 

„ Spruce, 30 to 44 0-48 to 0*7 

„ American Yellow Pine,.. 29 0-46 

„ Larch, 31*035 0*5 to 0-56 

Greenheart, 62*5 i-ooi 

Hawthorn, 57 0-91 

Hazel, 54 o*86 

Holly, 47 076 

Hornbeam, 47 076 

Laburnum, 57 0-92 

Lanoewood, 42 to 63 0675 to i-oi 

Larch. See "Fir." 

Lignum-Vitse, 41 to 83 0*65 to 1-33 

Loci^st, 44 071 

Mahogany, Honduras, 35 0-56 

„ Spanish, 53 085 

Maple, 49 079 

Mora, 57 092 

* The Timber in erery case is snpposed to be dry. 
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Timber, — cordinued. 

Oak, EuropeaD, 

„ AmericaD, Bed,. 

Poon, 

Saul, 

Sycamore, 

Teak, Indian, 

„ African, 

Tonka, 

"Water-Gum, 

Willow, 

Yew, 



eight of ft enUo 


Spedflo 


foot In 


gravity, 


g. ftvoirdapoia. 


paiewftter=l. 


43 to 62 


0*69 to 0*99 


54 


0-87 


36 


058 


60 


0-96 


37 


0-59 


41 to 55 


0-66 to 0-88 


61 


0-98 


62 to 66 


0-99 to i'o6 


625 


I -001 


25 


04 


SO 


08 



II. — Heaviness of Eabth. 

Gabio Foot Cubic Yard. 

Chalk, from 117 to 174 lbs. from 3160 to 4730 lbs. 



Clay, 

Gravel and Shingle,.... 

Marl, 

Mud, 

Sand, dry, 

„ damp, 

Shale, 






120 to 135 
90 to IIO 

100 to 119 

102 
89 . 

1x8 
162 



yy 



3240 to 3645 
2430 to 2970 
2700 to 3210 

2750 

2400 

3190 
4370 






III. — Heaviness and Bulkiness of Boce. 



Lbs. in one 
Cubic Foot 

Basalt, 187 

Chalk, 117 to 174 

Felspar, 162 

Flint, i<$4 

Granite, 164 to 172 

Limestone, 169 to 175 

„ magnesian, 178 

Quartz, 165 

Sandstone, average, . . o 144 

„ different \ x -^ 

kkda, } '^aotoisy 

Shale, 162 

Slate (Clay), 175 to 181 

Trap, 170 






Lbs. in one 
Cubic Yard. 

5060 

3160 to 4730 

4370 
4430 

4430 to 4640 
4560 to 4720 

4810 

4450 
3890 

3510 to 4240 

4370 

4720 to 4890 

4590 



CuMc Feet 
to a Ton.. 



• •• 



12 
19*1 to 12*9 

13-8 
13-6 

13-6 to 13 

13-2 to 12*8 
12*6 

13-6 

17*2 to 14-3 

138 

12*8 to 12*4 
I3'2 
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IV. — Cubes, Bods, Plates, Bars, and Spheres. 

A. R 0. D. e. F. 

Cubic ^df ^ST iat*i'ft C»Wo l^nch" 
Inch. 1 ft long 1 ft X 1 1 ^i ^^ foot ]^^ 
liiLdiam. in.xlln. '^*"*' »»«.i*i. 

lbs. lb& Iba lbs. IbsL 

Brass, cast, average,... 0298 2-81 3*58 430 516 0-156 

„ wire, 0-308 2-91 3-70 44-4 533 0-162 

Bronze, 0-303 286 364 43-7 524 0159 

Copper, sheet, 0*318 299 381 4575 549 0166 

„ hammered, ... 0-322 303 386 463 556 o-i68 

Iron, cast, average, ... 0-257 242 308 37*0 444 0134 

Iron,wrought, average, 0-278 2*62 3*33 40-0 480 0-146 

Lead, 0-412 3-88 494 59-3 712 0-216 

Steel, average, 0-283 2*67 3-40 40*8 490 0-148 

Tin, average, 0-267 2*52 3-21 38-5 462 o-i^o 

Zinc, average, .....0-252 2-38 3*03 36-3 436 0-132 

8. Centre of GraritT — ^jHomeBt of IFeiglit. — BuLE I. — The centre 

of gravity of a body of uniform heaviness is its centre of magnitude. 
(See pages 81 to 88.) 

BuLE II. — To find the moment of a body's weight relatively to 
a given plane 0/ moments; multiply the weight by the perpendicular 
distance of the body's centre of gravity from the given plane. 

Note. — In comparing together or combining the moments of 
weights which lie some at one side and some at the other side of a 
plane of moments, those moments are to be distinguished into 
positive and negative, according to the sides of the plane at which 
the weights lie. 

^ BuLE III. — To find the common centre of gravity of a set of 
detached bodies ; find their several moments relatively to a con- 
venient fixed plane; find the resultant of those moments by adding 
together, separately, the positive and negative moments, and 
taking the difference between the two sums, which will be positive 
or negative according as the positive or negative sum is the greater. 
Divide that resultant moment by the total weight; the quotient 
will be the perpendicular distance of the common centre of gravity 
from the fixed plane ; and its positive or negative sign will show at 
which side of the plane that centre lies. If necessary, repeat the 
same process for a second and a third fixed plane, so as to deteiv 
•mine the position of the required centre completely. The two or 
three planes (as the case may be) are usually taken perpendicular 
to each other. 

BuLE lY. — To find the centre of gravity of a body consisting of 
parts of unequal heaviness; find separately the centres of those 
parts, and treat them as detached weights by Bule IIL 
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9. niomeiit of iBerUa aad Badias of Gfration. — ^RULE I. — To 
£nd the moment of inertia of a body about a given axis; conceive 
the body divided into an indefinite number of small parts; multiply 
the mass (or weight) of each part by the square pf its perpendicular 
distance from the axis; the limit towards which the sum of all 
the products approximates as the parts become smaller and more 
numerous will be the required moment of inertia. 

BuLE II. — Given, the moment of inertia of a body about an axis 
traversing its centre of gravity in a given direction; to find its 
moment of inertia about another axis parallel to the first ; multiply 
the mass (or weight) of the body by the square of the perpendicidar 
distance between the two axes, and to the product add the given 
moment of inertia. 

BuLE III. — Given, the separate moments of inertia of a set 
of bodies about parallel axes traversing their several centres of 
gravity ; required, the combined moment of inertia of those bodies 
about a common axis parallel to their separate axes; multiply the 
mass (or weight) of each body by the square of the perpendicular 
distance of its centre of gravity from the common axis; add 
together all the products, and all the separate moments of inertia; 
the sum will be the combined moment of inertia. 

KuLE lY. — ^To find the square of the radius of gyration of a 
body about a given axis; divide the moment of inertia of the body 
about the given axis by the mass (or weight) of the body. 

E.ULE V. — Given, the square of the radius of gyration of a body 
about an axis traversing its centre of gravity in a given direction ; 
to find the square of the radius of gyration of the same body about 
another axis parallel to the first; to the given square add the 
square of the perpendicular distance between the two axes. 



^^ r 

10. — Table op Squares op Eadii op GyratioiT. 



BODT. 


Axis. 


RADiuas 


I. SDhere of radius t*..... • 


Diameter 

Polar axis 
Axis, 2a 

Diameter 

Diameter 


2r> 
5 

2r* 
5 

6 

6 (r« r") 

2r« 
3 


11. Spheroid of revolution — ^polar semi- 
axia a. eauatorial radius ?*. 


111. Mlioaoid — nemi-axes a. 6. c 


IV. Spherical shell — external radius r, 
internal 7^.t-TTTTi-t-.tTt.t..t.........r ... 


Y; Spherical shell, insensibly thin — ^ra- 
dius r, thickness dr, 



BADIUS OF GYRATION — CENTRE OF PERCUSSION. 
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BODT. 

VL Circular cylinder — ^length 2a, radius r, 

VIL Elliptic cylinder — ^length 2a, trans- 
verse semi-axes h, c, 

Vin. Hollow circular cylinder — length 2a, 
external radius r, internal r', 

IX. Hollow circular cylinder, insensibly 
thin — ^length 2a, radius r, thickness 
dr, 

X. Circular cylinder — ^length 2a, radius 
n 

XL Elliptic cylinder — ^length 2a, trans- 
verse semi-axes 6, c, 

XIL Hollow circular cylinder — ^length 2a, 
external radius r, internal r', 

Xin. Hollow circular cylinder, insensibly 
thin — ^radius r, thickness dr, 

XTV. Bectangular prism — dimensions 2a, 
26,2c 

XV. Rhombic prism — ^length 2a, diagonals 
26, 2c, 

XYI. Bhombic prism, as above, 



Axm 



Longitudinal 
axis, 2a 

Longitudinal 
axis, 2a 

Longitudinal 
axis, 2a 



Longitudinal 
axis, 2a - 

Transverse 
diameter 

Transverse 
axis, 2b 

Transverse 
diameter 

Transverse 
diameter 

Axis, 2a 



Axis, 2a 
Diagonal, 26 



RABIOB.S 



2 

6«-l-c« 
4 



r« a« 
4 "^ 3 

c« a« 
4+T 

r«+/» a« 

4- — 

4 ^3 

r' a* 
"2"*" 3^ 

3 

b^ -\-c^ 
6 

cf a« 
6 + 3 



11. Centre of Percnssioa — Equivalent Simple Pendnlnm.- 

L — ^To find the centre of percussion of 
a given body turning about a given 
axis. 

In fig. 55, let XX be the given 
axis, and G the centre of gravity of 
the body. From G let fall G C perpen- 
dicular to X X. Through G draw G D 
parallel to X X, and equal to the 
radius of gyration of the body about 
the axis G D. Join D. The n will 
C E = C D « y G D2 + G2 = the 
radius of gyration of the body about 
S- X. From D draw D B perpen- Tig, 55. 
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diciilar to C D, cutting C G produced in B. Then will B be the 
centre of percussion of the bodj for the axis X X. 

To find B by calculation; make G B = -^-^ . 

C is the centre of percussion for an axis traversing B parallel 
toXX. 

BuLE II. — ^To convert the body into an "equivalent simple 
pendulum" for the axis X X, or for an axis through B parallel to 
XX; divide the mass of the body into two parts inversely 
proportional to G and G B, and conceive those parts to be 
concentrated at C and B respectively, and rigidly connected 
together. 

(Let W be the whole mass, and C and B the two parts; then 



W'GB _ W'G C 
CB; ' CB 



•) 



(The "equivalent simple pendulum'* has the same weight with 
the given body, and also the same moment of weight, and the same 
moment of inertia, with the given body, relatively to an axis in 
the given direction X X, traversing either C or B.) 

12. Kqaiiralent Ring, or E^nlraleot Fly-wheel. — ^When the given 

axis traverses the centre of gravity, G, there is no centre of per- 
cussion. The moment of the body's weight is nothing, and its 
moment of inertia is the same as if its whole mass were concentrated 
in a ring of a radius equal to the radius of gyration of the body. 
That ring may be called the "equivalent ring," or "equivalent 
fly-wheeL" 

13. The CeoiM of Pressare in a plane surface is the point 
traversed \3j the resultant of a pressure that is exerted at that 
surface. 

Bulk — Conceive that upon the pressed surface as a base, there 
stands a prismatic solid of a height at each point of that surface 
proportional to the intensity of the pressure (page 103); the point 
in the pressed surface at the foot of a perpendicular from the centre 
of magnitude of the solid (pages 81 to 88) will be the centre of 
pressure. 

The following are particular cases : — 

I. Vniform PreMore.— When the intensity is uniform, the centre 
of pressure is at the centre o/Tnagnitvde of the pressed surfiice. (See 
page 83.) 

II. Vuiformly Varying PresMire.— When the intensity of the 
pressure varies simply as the perpendicular distance from a given 
axis, the centre of pressure is at the centre of percussion of the 
pressed surface, relatively to that axis (see page 155); the sur£Eice 
being regarded as a thin plate of uniform thickness and 
heaviness. 
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Examples of Centres of TJnifobmly-yarying Pbessube. 

In each of the following examples the greatest perpendicular 
distance of any point of the pressed surface from the axis is denoted 
bj h; and that of the centre of pressure from the axis by k. 



FiGURX or Prkssxd Sttbtacb. 



Parallelogram, 

Triangle, 

Triangle, 

SemiciTcle or semi-ellipse,.. 

Circle or ellipse, 

Hollow rectangle, — 
outerdimen^ns, &xA,.... 
inner dimensions, h' x A',... 

Hollow square, A* — A'*,... 

Hollow ellipse, — 

outer dimensions, & x A,.... 

inner dimensions, }y xh',.. 
HoUow circle, — 

outer diameter, h, 

inner diameter, h' 



Axis. 



One edge. 

One edge. 

Through an angle, 
and parallel to the 
opposite edge. 
Diameter. 

Tangent. 

One edge 

of the 

outer boundary. 

Do. 

( Tangent to ) 
< the outer > 
( boundary. ] 

Do. 



t = 



0-68905 A. 

8^ 
h 6A« — h'h'* 
'2'^6h{bh — b'hy 

2h A'« 

3 



"+6A' 



2'^Sh{bh^b'h'y 
8 ■'"8A- 



14. The Centre of BaojaBcr of a solid wholly or partly immersed 
in a liquid is the centre of gitivity of the mass of liquid displaced. 
The resultant pressure of the liquid on the solid is equal to the 
weight of liquid displaced, and is exerted vertically upwards 
through the centre of buoyancy. 
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PAET V. 

RULES RELATING TO THE BALANCE AND STABILITY 

OF STRUCTURES. 

Section I. — Composition and Resolxttion op Forces. 

1. The Rcsnllant of a Distribnted Force. — RuLE I. — ^To find the 
resultant of a body's weight; find the centre of gravity of the body 
(as in page 153); the ^resultant will be a single force equal to 
the weight, acting vertically downwards through the centre of 
gravity. 

Rule II. — To find the resultant of a pressure; find the centre of 
pressure (as in page 156); the resultant will be a single force equal 
iu amount to the pressure, and acting in the same direction and 
through the centre of pressure. (The amotmt of the pressure is 
equal to the area of the pressed surface, multiplied by the mean 
inienaity of the pressure, aud is also equal to the weight of the 
imaginary prismatic solid inentioned in page 156, Article 13.) The 
mean intensity of an uniformly varying pressure is its intensity at 
the centre ofm/ignitvde of the pressed surface. (See page 49.) 

2. RcsollaBt of Forces acting ihrongh one Point. — ^RULE III. — 

If the forces act along one line, all in the same dii-ection, their 
resultant is equal to their sum ; if some act in one direction and 
some in the contrary direction, the resultant is their algebraical sum; 
that is to say, add together separately the forces which act in the 
two contrary directions respectively; the difference of the two 
sums will be the amount of the resultant, and its direction wiU be 
the same with that of the forces whose sum is the greater. 

Rule IV. — If the forces act along 
tux> lines, O X, O Y (fig. 56), lay off 
O A and O B along those Hnes, to 
represent the magnitudes of the 
given forces; through A draw AC 
parallel to OB; through B draw 
B C parallel to O A, and cutting 
AC in C; join O C; the diagonal 
O C will represent the resultant 
required, in direction and niagni- 
Fig. 66. tuda 
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Formula for finding the magnitude of C by calculation : 
OC=a/|oA2 + OB2 + 20AOBcosAOB. [ 

Formidffi for finding the direction of C by calculation : 

BinA0C = 8inA0B-~^; 8inB00 = sinA0B-^. 

KuLE V. — Given, the directions of three forces which balance 
each other, acting in one plane and through one point; construct a 
triangle whose sides make the same angles with each other that 
the directions of the forces do ; the proportions of the forces to each 
other will be the same with those of the corresponding sides of 
that triangle. 

To solve the same question by calculation ; let A, B, C, stand 
for the magnitudes of the three forces; A O B, B O C, C O A, for 
the angles between their directions; then 

sinBOC:sinCOA:sinAOB::A:B:C. 

Each of those three forces is equal and opposite to the resultant 
of the other two. 

BuLE VI. — To find the resultant of any number (F^, Fg? ^3» 
<fea, ^g. 57) of forces in different direc- ^ 

tions, acting through one point, O. ^ ^^^^ 

Commence at the point of application, ^-^^ ^y „^*^' / \ 

and construct a chain of lines repre- ^"'•^ — y^zr-^ — ^ — "-x ^ 

senting the forces in magnitude, and >/\^^'^""'^-><iC/^^^^ 

parallel to them in direction, (O A = . *eii- — -\ — ;.'-'*' 3> 
and II Fp A B = and || F2, B C = and ^}'^'' 

II F3, &C.) Let D be the end of that ^'^' ^^' 

chain; join O D, this will represent the required resultant; and 
a force (F^) equal and opposite to O D will balance the given 
forces. 

(This rule is applicable whether the forces act in one plane or in 
different planes.) 

3. Rcsolntioa of a Force Into Inclined €ojnponenU. — A single 

force may be resolved into two inclined components in the same 
plane acting through the same point, or into three inclined com- 
ponents acting through the same point but not in the same plane. 

KuLE VII. Tuoo Components. — In fig 56, page 158, let O C be the 
given force, and O X and O Y the directions of the required com- 
ponents. Through C draw C A parallel to O Y, cutting O X in 
A. and C B parallel to O X, cutting O Y in B; O A and O B 
will be the required components; and two forces respectively 
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eqiial to and directl j opposed to these will balance O C. For the 
proportionate magnitudes of the components, see Article 2 of this 
section, Rule Y., page 159. 

KuLE YIII. Tuoo Rectangtda/r Components. — ^When the directions 

of the required components are perpen- 
dicular to each other, let B denote the 
resultant, or force to be resolved; X and 
Y the required components, « and fi the 
angles which they make respectively with 
R Then 

^ « + /9= 90°; X = Ilco8« = B sin/8; 
Y = K COS/8 = Rain«; 

X2 + Y« = R«. 

Observe that cosines of obtuse angles are 
negative. (See page 53, line 2.) 
Rule IX. Three Components, — In fig. 

58, let O H represent the given force 
which it is required to resolve into three component forces, acting 
in the lines O X, O Y, Z, which cut O H in one point O. 

Through H draw three planes parallel respectively to the planes 
Y O Z, Z X, X O Y, and cutting respectively O X in A, O Y in 
B, O Z in C. Then will O A, OB, O C, represent the component 
forces required. 

BuLE X. Three Eectangular Components, — ^When the directions 
of the three required components are perpendicular to each other, 
let B denote the resultant, or force to be resolved, X, Y, Z, the 
required components, and «, fi, y, the angles which they respec- 
tively make with R Then 




Fig. 68. 



cos 



2« + cos */3 + cos V= Ij X= Bco8«i; 



Y = B cos 



/3; Z = B COS y; X« + Y2 + Z2 = B«. 



Observe that cosines of obtuse angles are negative. (See page 53, 
line 2.) 

4. Reftnltant of any Nnniber o€ Inclined Forces Aclinic fhrongh 

one Point. — To solve the same question by calculation that is 
solved in Bule VI. by construction. 

BuLE XL (When the forces act in one plane.) — Assume any 
two directions at right angles to each other as axes; resolve each 
force into two components (X, Y) along those axes; take the 
resultants of those components along the two axes separately 
(2 X, 2 Y) ; these will be the rectangiUar components o/the resuUard 
"R of all the forces \ that is to say. 



■B.=yy |(2X)« + (2Y)«}i 



COUPLES. 
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and if « be the angle which E. makes with X, 

2X . 2 Y 

cos « = — iFT-; sm « = 



E 



it 



RxTiiE XII. (When the forces act in different planes). — Assume 
any three directions at right angles to each other as axes; resolve 
each force into three components (X, Y, Z) along those axes; take 
the resultants of the components along the three axes separately 
(2 X, 2 Y, 2 Z) ; these will be the rectangula/r components of the 
residtant ofaU ike forces; and its magnitude and direction will be 
given by the following equations : — 

It=A/|(2X)2 + (2Y)2 + (2Z)2l. 



2X 



2Y 



2Z 



cos » = ~z^ ; COS /3 = -^p-; cos y = -^ 



R 



R 



R- 




Big. 69. 



«5. Conpiei.-— In fig. 59, let F, F, represent a couple of equal, 
parallel, and opposite forces, applied to a rigid body, and not acting 
in the same line ; L, the perpendicular 
distance between their lines of action; 
then F is the force of the couple, 
li the arm, «pan, or leverage; and the ^ 
product force x leverage = F L, is the 
gtatical moment of the couple, which is 
right or left-handed according as the 
couple tends to turn the rigid body, as 
seen by the spectator, with or against the hands of a watch. (For 
measures of statical moment, see page 104, Article 7.) Couples of 
the same moment, acting in the same direction, and in the same 
plane or in parallel planes, are equivalent to each other. 

Rule XIII. — To find the resultant moment of any number of 
couples acting on a rigid body in the same plane, or in parallel 
planes. Take the sums of the right-handed and leftrhanded 
moments 'separately; the difference between those sums will be 
the resultant moment, which will be right-handed or left>handed 
according to the direction of the moments whose sum is the 
greater. 

Rule XIV. — ^To represent the moment of a couple by a single 
line. Upon any line perpendicular to the plane of the couple, set 
off a length proportional to the moment (O M, ^g, 59), in such a 
direction that to a spectator looking from O towards M, the couple 
shall. seem right-handed The line O M is called the axis of the 
couple. 

Couples as represented by their axes are compounded and 
resolved like single forces, by Rules I. to XIL of this section. 
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KuLE XV. — ^To find the resultant of a single force, F, applied 
to a rigid body at O, and a couple, M, acting on the same body in 

the same or in a parallel plane. 
Conceive the force, F, to be 
shifted in that plane, parallel 
to itself, to the left if the couple 
is right-handed, to the right 
if the couple is left-handed, 
through a distance, O A, found 
by dividing M by F. The 
shifted single force, F acting 
through A, will be the resultant 
required. 




Fig. 60. 



(The combination of a single force with a couple acting in a plane 
perpendicular to the line of action of the force cannot be further 
simplified.) 

Rule XYI. — ^To resolve a single force into a single force acting 
in a different but parallel line, and a couple. In fig. 60, let F be the 
given force acting in the line £ D, and B a given point not in £ D. 

Through B conceive a pair of equal and contrary 
forces to act in a line parallel to E D ; viz., + F 
equal to F and in the same direction; and — F 
equal to F and in the contrary direction ; also, 
let fall B A perpendicular to E D. Then the 
original force F acting through A, is resolved 
into the equal and parallel force F acting 
through B, and the couple of forces F and — F, 
with the arm A B and moment F x A B ; which 
^ couple is right or left-handed according as B lies 
to the right or left of F, relatively to a spectator 
looking in the direction towards which F acts. 

F X A B is called iha moment of the force F 
relatively to the point B; or relatively to the 
axis O X traversing B in a direction perpen- 
dicular to the plane of F and AB; or relatively to a plane 
traversing B perpendiculai'ly to A B. 

6. Parallel Forces. — RuLE XYII. — To find the resultant of two 
parallel forces. The resultant is in the same plane with, and 
parallel to, the components. It is their sum or difference according 
as they act in the same or contrary directions; and in the latter 
case its direction is that of the greater component. To find its 
line of action by construction, proceed as follows : — Fig. 62 repre- 
senting the case in which the components act in the same direction, 
fig. 63 that in which they act in contrary directions. Let A D 
and B £ be the component*?. Join A E and B D, cutting each 
other in F. In B D (produced in ^^. 63), take B G = D F. 




Fig. 61. 
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Throngh Gr draw a line parallel to the components; this will be 
the line of action of the resultant. ' To find its magnitude by con- 




struction : parallel to A E, draw B C and D H, cutting the line^ 
of action of the resultant in C and H; C H will represent the 
resultant required ; and a force equal and opposite to C H will 
balance A D and B E. 

To find the line of action of the resultant by calculation; make 
either 

xj^ ADDB ^^ BEDB 
B G = OH ^ or I> (> = CH ' 

KuLE XYIII. — When the two given parallel forces are opposite 
and equal, they form a couple, and have no single resultant. 

Rule XIX. — To find the relative pro- 
portions of three parallel forces which balance 
each other, acting in one plane; their lines 
of action being given. Across the three 
lines of action, in any convenient position, 
draw a straight line A C B, fig. 64, and 
measure the distances between the points 
where it cuts the lines of action. Then 
each force will be proportional to the dis- 
tance between the lines of action of the 
other two. The direction of the middle 
force C is contrary to that of the other two 
forces, A and B. 

In symbols, let A, B, and C, be the forces; then. 




Fig. 64. 



A + B + C = 0; AB:BC:CA::C:A:R 
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Each of tlie three forces is equal and opposite to the resultant of 
the other two ; and each pair of forces are equal and opposite to 
the components of the third. Hence this rale serves to resolve a 
given force into two paraUel components, acting in given lines in 
the same plana 

BuLE XX. — To find the relative proportions of four parallel 

forces which balance each other, not acting 
in one plane; their lines of aotkm being 
given. Conceive a plane to cross the lines of 
action in any ■convenient position; «nd io 
fig. 65 or fig. 66, let A, B, C, D, represent 
the points where the four lines of action cut 
the plane. Draw the six straight lines 
joining those four points bj pairs. Then 
the force which Acts through each point will 
be proportional to the -area of the triangle 
Fig. 65. formed by the other three points. 

In fig. 65, the directions of the forces at 
A, B, and C, are the same, and «ie contrary to that of the force at 
D. In fig. 66 the forces at A and D act in one direction, and 

those at B and C in the contraiy direction. 
In symbols, 

A+B+€ + D = Oj 

BCD:CDA:DAB:ABC 
A : B : : D. 








Each of the four forces is equal and opposite to the resultant of the 
other three; and each set of three forces are equal and opposite to 
the components of the fourth. Hence the rule serves to resolve 
a force into three parallel components not acting in one plane. 

BuLE XXI. — To find the resultant of any number of parallel 
forces. 

Case I. — ^When the parallel forces act all in one direction, the 
magnitude of their resultant is their sum. Consider the parallel 
forces as detached weights, and find the position of the common 
centi'e of gravity of those weights by Part IV,, Article 9, Bule III., 
(page 153); the line of action of the resultant will pass through 
that centra 

Case II. — ^When the parallel forces act in two contrary direc- 
tions. Find separately, as in Case L, the magnitudes and lines of 
action of the resultants of the forces which act in the two contrary 
directions respectively; if those two resultants are unequal, find 
the final resultant by Bule XYII. ; if they are equal, they form 
a couple, and have no single force as a resultant 
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Section II. — Fsames, Ghauts, asd Lineab Eibs» 

1. Triangnlar and Polygenal Vrames.— A frame OOnsista of bars 

connected together at their ends by joints which offer no sensible 
resistance to the turning of one bar into a different angular 
position relatively to the next, the resistance to such turning 
being given by the fixing of the farther ends of the bars alone. 
The point in a given joint about which such turning would take 
place is called the centre of resistance of the joint; the straight 
line joining the centres of resistance at the ends of a bar is called 
the line qfresistcmce of that bar. A bar is called a stmt, or a tie, 
according as a thrust or a pull is exerted along iibs line of resist- 
ance. A figure showing the centres^ of resistance and lines of 
i-esistance alone may be called the skeleton diagrcMn of a frame. 
When a joint is spoken of as a point, its centre of resistance is 
meant; when a bar is spoken of as a line, its line of resistance 
is meant. 

When the balance and stability of a frame alone are in question, 
and not its strength, the load may be treated as if concentrated at 
the centre of resistance ; and if not actually so concentrated, the 
following rule is to be used : — 

Rule L — Given, the actual Load distributed over a frame, whether 
arising from external forces or from its own weight, and the distri- 
bution of that load; to find the equivalent load concentrated at the 
centres of resistance of the joints. By the rules of the preceding 
section, and of Part IV., find the resultant of the load on each 
bar; then, by Rule XIX. of the preceding section (page 163), 
resolve each such resultant into two parallel components acting 
through the centres of resistance at the ends of that bar; then 
take the resultants of those components for each joint separately; 
those resultants will form the equivalent load required. 

Rule II. — Given, the load on a frame, and the line or lines of 
resistance of its supports; to find the supporting force or forces, 
commence by finding the i*esultant of the whole load by the rules 
of the preceding section, and of Part IV. 

Case I. — If there is but one support, its line of resistance must 
coincide with the line of action of the resultant of the whole 
load ; and the supporting force must be equal and opposite to that 
resultant. 

Case II. — ^When there are two supports, their lines of resistance 
must be in the same plane with the line of action of the resultant 
load, and must either be parallel to it, or, if inclined, cut it in one 
point. If parallel, use Rule XIX. (page 163), or, if inclined, use 
Ride VII. (page 159) of the preceding section to resolve the re- 
sultant load into two components acting along the lines of resistance 



166 



BALANCE AND STABILITT OF STRUCTURES. 



of the supports; the two supporting forces will be equal and 
opposite to those components. 

Case III. — ^When there are three supports, their lines of resist- 
ance must be either parallel to the line of action of the resultant 
load, or must cut it in one point. If parallel, use Rule XX. (page 
164), or, if inclined, use Rule IX. (page 160) of the preceding 
section, to resolve the resultant load into three components acting 
along the lines of resistance of the supports ; the three supporting 
forces will be equal and opposite to those components. 

Remark. — In all the following rules, those components of a 
distributed load which, as found by Rule I., rest directly on the 
supports of the frame, are understood to be left out of account; and 
the supporting forces are supposed to be determined eoodv^sive of 
such parts of them as are required in order to sustain such direct 
loads on the supports. 

Rule III. — To distinguish struts from ties. In ^g, 67, let A C 
and B be the lines of resistance of two bars of a fi-ame meeting 

at the joint C. Produce those lines 
beyond C, as shown by C D, C E; 
and draw a line to represent the 
direction of the load at C. Then, if 
that direction lies between A C pro- 
duced and B C produced, as at 1, 
both bars are ties ; if between A C 
produced and C B, as at 2, A C is a 
tie and B C a strut; if between C A 
and C B, as at 3, both bars are struts ; 
if between C A and B C produced, as at 4, A C is a strut and B C 
a tie. 

Remark as to stability and instability. — A tie is stable, even 
although one or both ends are moveable. A strut is unstable, 
unless both ends are fixed. A frame composed altogether of ties 
is stable even although flexible. A frame containing struts must 
be stiffened, so as to fix their positions. 







Fig. 68. Fig. 69. 

Rule IY. — Given, in a trianfftdar frame, loaded and supported 
vertically, the skeleton diagi*am (fig. 68), to find the relative pro- 
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portions of the forces acting in the frama Let A, B, C, be the 
three bars^ 1, 2, 3, the three joints. Construct the diagram of 
Jorcea, fig. 69, as follows : — From any point, O, draw 
O A, O B, O C, parallel to the lines of resistance 
A, B, C, respectively; then across those three lines 
draw the vertical line ABC. Then the requiied 
proportions are as follows : — 



Load 
on 



Supporting 
Forces at 




Fig. 71. 



Stress Along 

1:2 : 3 : A : B : C 
::CA:AB:BC:OA:OB:OC; 

and fi'om these proportions, if any one of the six 
forces is given, the other five may be found. 

From O, perpendicular to A B C, draw O H. 
This will represent the horizontal stress of the frame, which is the 
same in each bar. To find this and the other forces by calculation 
from the load C A, let a, b, c, be the angles of slope of the three 
lines of resistance; then 

0H = — 

tan c z±= tan a* 

A B = O H -(tan a =+= tan 6); B C = O H • (tan 6 =fc: tan c). 

The «ifm / "*" I ^"^ ^ ^® used when the two ) opposite directions 
°^ ( — J inclinations are in J the same direction. 

O A = O H • sec a; O B = O H • sec 6; C =-- O H • sec <?. 

KuLE V. — Given, in a polt/gonal frame, loaded and supported 
vertuxUly, the skeleton diagram, fig. 70, to find the relative pro- 
portions of the forces. Let A, B, C, D, E be the bars; 1, 2, 3, 4, 5, 
the joints, of which 1, 2, 3 are loaded, and 4, 5, supported. Con- 
struct the diagrami o/ forces, fig. 71, as follows: — From any point, 
O, draw radiating lines, O A, O B, O C, (kc, parallel respectively to 
the lines of resistance A, B, C, <kc., in fig. 70. Then draw a 
vertical line, A D, across the radiating lines. Then, taking the 
whole length, A D, to represent the whole load, the several parte into 
which that length is cut by the lines O B, O C, <fec., will represent 
the parts of the load which must rest on the several loaded jointe 
in order that the frame may be balanced. For example, B C in fig. 
71 represents the part of the load to be applied at the joint 2 in 
fig. 70, where the bars B and C meet. Also, the parte D E and 
E A into which A D is divided by the line A E, parallel to the 
bar E, which connects the pointe of support, 4 and 5, in ^g, 70, 
represent the supporting forces at those points respectively. The 
lengths of the radiating lines O A, &c., represent the stresses along 
the lines of resistance to which they are respectively parallel 
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From O let fall on A D the perpendicular O HI This will 
represent the horizorUaZ stress of the fnune. 

REMABK& — B7 omitting from the skeleton diagram, fig. 70, the 
bar E, which connects the points of support, the frame becomes an 
open fra/ma, in which case the supporting forces become identical 
with the stresses along the outer bars, A and D, and are repre- 
sented by D O and O A in fig. 71. The obliquity of those forces 
renders dbutmerUs necessary at 4 and 5y and not mere vertical 
supports. 

The frame shown in fig. 70 consists chiefly of struts, and is 
therefore unstable unless their ends are fixed by means of suitable 
stays. If the same figure be inverted, the bars which were struts 
become ties, and the frkme is stable, although flexible. 

BuLE VI. — Given, in a vertically-loaded polygonal frame, the 
load and its distribution, and the inclinations of the two outer bars, 
A and D, fig. 70 ; to find the inclinations of the remaining loaded 
bars, in order that they may be balanced. In fig. 71 draw a ver- 
tical line, A D, to represent the whole load, and divide it into 
parts, A B, B C, &a, to represent the parts of that load which are 
to be supported at the several loaded joints. From the ends of 
that line draw A O and D O parallel to the lines of resistance of 
the two outer bars, and cutting each other in O; then draw 
radiating iines, O B, O C, <&c., from O to the points of division of 
AD; these will be parallel to the lines of resistance whose 
inclinations are required. 

BuLE YII. — Given, in a polygonal frame, vertically loaded, the 
total load and the inclinations of the lines of resistance of the two 
outer bars; to find the horizontal stress, divide the load by the 
sum of the tangents of those inclinations, if they are contrary, or 
by the difference of those tangents, if the inclinations are similar. 

BuLE VIII. — Given, the skeleton diagram of a vertically-loaded 
polygonal frame and the horizontal stress; to find how much of the 
load is supported between any two bars, multiply the horizontal 
stress by the difference of the tangents of the inclinations of the 
lines of resistance of those bars, if they slope the same way, or by 
the sum of those tangents, if the lines of resistance slope contrary 
ways. 

BuLE IX. — From the same data, to find the stress along a given 
bar ; multiply the horizontal stress by the secant of the inclination 
of the line of resistance of that bar. 

2. Braced Frames— ZTIetliod ef Triangles. — ^When the external 

forces applied to a frame, although balancing each other as an 
entire system, are distributed in a manner not consistent with the 
equilibrium of each bar separately; then, in the diagram of forces, 
upon attempting to construct a scale of loads having its points of 
division on the radiating lines, as in ^g, 71, gaps will be left in 
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Fig. 72. 



tbat scale. The lines necessary to fill up those gaps will indicate 
the forces to be supplied by means of the resistance of braces. 
These may be either struts or ties, connecting two or more joints 
together. 

The resistance of a brace introduces a pair of equal and opposite 
forces, acting along the line of resistance of the brace, upon the 
pair of joints which it connects. 

3. nEethod of Section* Applied to Frames.— When a vertically- 
loaded braced frame is 
so designed that a 
vertical cross- section 
of it at any point 
cuts not mqre than 
three lines of resist- 
ance, the method of 
sections may be ap- 
plied as follows : — The 
upper and lower bars, 
as 13, 35, (fee, and 
2, 2 4, 4 6, &c., in 
iig. 72, may be called 
the stringers, and the intermediate bars, 1, 1 2, 2 3, <kc., the 
braces. 

KuLB I. — Given the skeleton diagram, and the load at each of 
the joints (1, 2, 3, <fea), to find the stress exerted along any one of 
the stringers (as 3 5). Find the supporting forces by Rule II. of 
the last Ai-ticle (page 165). Then conceive the frame divided into 
two parts, by a section traveling the joint that is opposite 
the stringer under consideration (for example, the joint 4, opposite 
the stringer 3 5). Take the resultant moment relatively to the 
joint 4 (see preceding section) of all the external forces which act 
on one of those parts. (That is to say, in the present example, 
take the moment of the supporting force at the joint O, by 
multiplying it by its horizontal distance from 4; and from that 
moment subtract the moments of the several parts of the load 
which act at 1, 2, and 3.) From the joint (4) opposite the 
stringer in question, let fall a perpendicular (4 P) on the line of 
resistance of the stringer (35); divide the resultant moment by 
the length of that perpendicular; the quotient will be the stress 
along the stringer in question. To find whether that stress is 
thrust or tension, consider in which direction the resultant mo- 
ment tends to turn the part of the frame on which it acts about 
the joint (4); the stress will be of" the kind which resists that 
tendency. (In the example the stress is thrust for the upper 
stringers, tension for the lower.) 

EuLS II. — ^To find the vertical component of the stress along a 
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striDger, multiply the whole stress by the difference of level of the 
ends of the stringer, and divide by the length of the stringer. 
If the stringer is horizontal, its stress has no vertical component 
The stress of each stringer having been founds the next step is 
as follows : — 

HuLE IIL — In the same case, to find the stress along any one of 
the braces (for example, 3 4). Conceive the frame to be divided 
into two parts by a vertical section, S S, traversing the brace in 
question. Take the resultant of all the external forces which act 
on one of those divisions. (That is to say, in the example shown, 
from the supporting force at the joint O subtract the loads at the 
joints 1, 2, 3.) With that resultant combine the vertical com- 
ponents (if any) of the stresses along the two stringers cut by the 
section (in this case 3 5 and 2 4). The vertical component of the 
required stress on the brace will be equal and opposite to the final 
resultant found by the preceding processes, and being multiplied 
by the ratio in which the length of the brace is greater than the 
difference of level of it4 ends, will give the whole stress along 
the brace. 

4. lioaded Chains. — RuLE I. — Given the figure of a loaded chain, 
C B A D j to find the position of the resultant load on any part of 
it, A B, and the relative proportions of the forces acting on that 

part of the chain. Draw 
tangents, A P and B P, 
to the chain at the two 
ends of the part in ques- 
tion, cutting each other in 
P; the line of action of 
the resultant load on the 
part A B traverses the 
point P. Also, construct 
a triangle (such as B P X), 
with its three sides parallel respectively to the two tangents and 
the resultant load: those three sides will bear to each other the 
relative proportions of the tensions at A and B, and the load sup- 
ported between A and B. 

BuLE II. — Given, in a verticaHy-losided chain, the total load, 
and the figure in which the chain hangs ; to find the distribution 
of the load, and the tension at any point of the chain. Construct 
the diagram of forces, fig. 74, as follows ; — Draw a vertical straight 
line, C D, to represent the total load, and from its ends draw C 
and D O, parallel to two tangents at the points of support of the 
chain, and meeting in O ; those lines will represent the tensions 
on the chain at its point of support. 

Let A, in fig. 73, be the lowest point of the chain. In fig. 74 
draw the horizontal line O A; this will represent the horizontal 




Fig. 73. 
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component of the tension of the chain at every pointy and if O B be 
parallel to a tangent to the chain at any point B, A B, in fig. 74, 
will represent the portion of the load supported between A and B, 
and O B the tension at B. 

B.ULE III. — Given, in a vertically loaded chain, the load and its 
distribution ; the points of suspension, C and C (fig. 
75), which points are supposed at the same level, 
and the horizontal tangent, H H', at the lowest 
point of the chain ; to construct the figure in which 
the chain will hang. By Bule XXL of the pre- 
ceding section (page 164), find the resultant load, 
H ; then by Bule XIX. of the same section (page 
163), find the vertical components, P and F, of the 
two supporting forces (equal and opposite to two 
parallel components of R through C and C). Then, 
from the known distribution of the load, find 
the position of a vertical line, A F, dividing the 
total load, R = P + P, into two parts equal to the adjacent 
supporting forces, P and F respectively; the point A, where 




Fig. 74. 




Fig. 75. 

that vertical line cuts the horizontal tangent H H', will be the 
lowest point oj the chain. Next, to find the horizontal tension; 




Fig. 76. 

conceive the chain divided into two parts by a vertical plane 
through A F; take the resultant moment, relatively to that plane, 
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of all tlie vertical forces which act on one of those parts : for 
example, of the supporting force P, and of those parts of the load 
which hang between C and A; divide that moment bj the greatest 
dqfreedon, FA; the quotient will be the horizontal tension. 
Lastly, to find the depression, X B, of any other point, B, of the 
chain below the level of the points of support; conceive the chain 
to be divided into two parts by a vertical plane through X B; find 
the resultant moment, relatively to that plane, of all the vertical 
forces which act on one of those parts; that is, of the supporting 
force P, and of those parts of the load which hang between C and 
B; divide that resultant moment by the horizontal tension; the 
quotient will be the required depression, X B. 

The resultant tensions at the points of support are, respectively, 
J (H2 + P2) and J (H* + F«), where H denotes the horizontal 
tension. 

A balanced chain, being invei-ted, gives the curve of equilibrium 
for a rib loaded in the same manner with the chain. The- tensions 
in the chain became thrusts in the rib. 

5. Chain, wilk Ijoed ITBifemi eTer the Wipmm* — ^The assumption 

that the load is uniformly distributed over the span of a chain is, 
in most cases of suspension bridges, near enough to the truth for 
practical purposes. In fig. 76 let B A C be a chain so loaded; A, 
its lowest point; D A E, a horizontal tangent at that point; B 
and C, the points of support;. B D and C E, vertical lines through 
them. The curve B A C issa common parabola, with its vertex at 
A Let D E = a; B D= yi; C E = y^; A D = iBi; A E = a,; 
so that Xi-hx^ = a. 

BuLE I. — Given, the elfevations, y^, yg, of the two points of 
support of the chain above its lowest point, and also the horizontal 
distance, or span, a, between those points of support; it is required 
to find the horizontal distances, x^, x^ of the lowest point from the 
two points of support : also the focal distance, m, of the parabola. 



m s= 



a* 



* yi + 4 ^2 + S n/^i Vi 
When the points of support are at the same level. 



a a* 



In the latter case the height y^ = y^ is called the depression, 
BuLE II. — Given, the same data, to find the inclinations, t^, i^ 
of the chain at the points of support. 
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when the points of support are at the same level, 



Vi = y%'y tan t\ = tan ig = 



-^yi 



a 



IRuLE III. — Given, the saime '<b;ta, and the load, p, per nnit oi 
length : required the horizontal tension, H, and the tensions, R^^, B^ 
«t the points of support. 

H = 2 p m = . ^ 

When the poiiits of support are at the same level, or that ff^ = y^^ 
those equatloDS hecome 

RucE rr, — Given, the same data as in Problem First, to find 
the length of the chain. 

Calculate the lengths of the arcs A B = tf^, and AC = 8^^ by 
the rules of page 79, Article 5, and add them together. 

Rule Y, — Given, the same data, to find, approximately, the 
small elongation of the chain d {s^ + ^2) required to produce a given 
small depression, d y, of the lowest point A, and conversely. 

^(^1 •*■ ^2) ^^(y_x^yi\ 

dy 3 Var^ xj' 

When y^ = y^^ this equation becomes 

2 d 8^ _ 16 yi 
dy " 3a' 

These formulae serve to compute the depression which the middle 
point of a suspension bridge undergoes in consequence of a given 
elongation of the cable or chain, whether caused by heat or by 
tension. 

"Rule YI. — ^To find the pressure on the top of each pier. If the 
chain passes over a curved plate on the top of the pier called a 
middle, on which it is free to slide, the tensions of the portions of 
the chain or cable on either side of the saddle will be sensibly 



174 BALANCE AND STABILITY OF STRUCTURES. 

equal; and in order that those tensions may compose a yertical 
pressure on the pier, their inclinations must be equal and opposite. 
Let i be the common value of those inclinations; B the common 
value of the two tensions; then the vertical pressure on the pier is 

V = 2Rsint=2Htant = 2j»a:; 

that is, twice the weight of the jwrtion of the bridge between the 
pier and the lowest point, A, of the chain. 

But if the two divisions of the chain which meet at the top of a 
given pier are made fast to a truck, which is supported by rollers on 
a horizontal cast-iron platform on the top of the pier, let t, %*, be 
the inclinations of the two divisions of the chain or cable in opposite 
directions, and K, B', their tensions; then 

B = H sec t; B' = H sec t'; 
V = B sin i + B' sin i' = H (tan i + tan i^. 

6. The CatenaiT is the curve in which an uniform chain hangs, 
when loaded with its own weight only, or with a load everjrwhere 
proportional to its own weight (See fig. 22, page 80, and its 
explanation.) 

BuLE I. — Given, in ^g. 77, the catenary A B, and its directrix 

O X, and the weight of an uuit of length of 
the chain; to find the hoiizontal tension. 
Multiply the parameter O A by the weight 
of an unit of length of chain. 

BuLE II. — To find the tension at any 
point, B, of the chain. Multiply the height 
of the ordinate X B from the directrix to 
Fig. 77. *^® given point, by the weight of an unit of 

length of chain. 

7. A CatcnariaH Kib is of the figure of a catenary inverted, the 
directrix being above the curve, and the curve concave downwards. 
To represent it, conceive fig. 77 to be turned upside down. It is 
the form of equilibrium for an arched rib loaded in such a manner 
that the load on any arc, A B, is proportional to the area, O A B X, 
of the spandril, or space between the rib and its directrix. 

BuLE I. — Given, a catenarian rib and its directrix, and the 
weight of load corresponding to an unit of area of spandnl; to find 
the horizontal thrust. Multiply the square' of the parameter O A 
by the load per unit of area. 

BuLE II. — To find the thrust at any point, B, of the rib. Mul- 
tiply together the parameter O A, the ordinate X B, and the load 
per unit of area. 

A Tranvformed Catcaariaa Rib is a CUrve SUch as a 5 in fig. 77 

(still supposed to be turned upside down), which curve is so related 
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to the common catenary^ A B, that the ordinates drawn to it from 
the directrix, O X, of both curves, such as Oa and X.b, bear every- 
where a constant proportion to the corresponding ordinates, such 
as O A and X B, of the common catenary; or, in symbols, 

9/ X6 Oa a . . 

^ = ==r^ = y^r-rr- = ~ = COUStant 

y X B O A m 

A transformed catenary is a form of equilibrium for an arched rib 
loaded in such a manner that the load on any arc, a b, is propor- 
tional to the area of spandril, a 6 X 

KuLE III. — Given, in a transformed catenary, the least ordinate, 
O a = a; any other ordinate, X 6 =y; and the half-span, or 
distance between them, O X = a?; to find the parameter, O A = m, 
of the corresponding common catenary. Use the following formula : 



m 



= « ^ hyp. log. (J + y^y^ _ 1 ). 



(For hyperbolic logarithms, see page 38. For squares and square 
roots, see page 11.) 

Rule IY. — In a transformed catenarian rib under a given load 
per unit of area of spandril, to find the horizontal thrust ; multiply 
the square of the parameter A O (found by Rule III.) by the load 
per unit of area of spandril. 

Rule V. — To find the thrust along the rib at any point, B; let 
H denote the horizontal thrust j P, the vertical load corresponding 
to the area of spandril, O a 6 X; T, the required thrust; then 

Rule YI. — To find the radius of curvature of a transformed 
catenary at its vertex or croum, a; divide the square of the para- 
meter, O A, by the least ordinate, Oa. 

(The radius of curvature of a common catenary at its vertex. A, 
is equal to the parameter, O A) 

Table for Catenarian Ribs. 



X 


y 


mdy 


X 


y 


mdy 


m 


a 


adx 


m 


a 


adx 





I '0000 


•0000 


T-6 


25774 


2-3755 


0'2 


I '0200 


•2013 


1-8 


3-1074 


2*9421 


0-4 


I -08x0 


•4107 


2*0 


37622 


3-6269 


0-6 


1-1854 


•6366 


2-2 


45679 


4*457 1 


0-8 


1*3373 


•8880 


2-4 


5-55<59 


54662 


I'O 


1-5431 


1-1752 


2*6 


67690 


66947 


1*2 


i-8io6 


1-5094 


2-8 


8-2526 


81918 


I '4 


21509 


19043 


30 


10*0676 


100178 
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To interpolate the ordinate, y 
mediate half-span, x 
make 



V, corresponding to an inter- 

u, when ^ corresponds to - in the table; 
a 7n 



y^±^v _y ( 

a a\ 



v? 



■^"^27/12+24 



w* \ mdy f u ,j^\ 



This computation is to be performed by addition to the number 
next below in the table, or by subtraction from the number next 
above, according as the intermediate half-span lies nearer to the one 
next below it or to that next above it. 

8. lJMU<Mniiif PrcMed H««p«.— The stress on a hoop is tension if 
it is pressed from, within; thrust if it is pressed from without. If 
the pi-essure is uniform, of equal intensity in all directions, and 
normal to the hoop, the form of equilibrium of the hoop is a circla 
If the pressure is compounded of two uniform pressures in directions 
at right-angles to each other, of different intensities, that form is 
an ellipse. 

Rule I. — To find the stress on a circular hoop; multiply the 
pressure per unit of length of the hoop by the radius of the hoop. 

HuLE II. — To find the ratio of the greater and lesser axes of an 
equilibiated elliptic hoop, subjected to two uniform pressures of 
different intensities in directions perpendicular to each other; ex- 
tract the square root of the ratio of the intensities of the pressures. 
The greater axis will lie in the direction of the more intense pressure. 

BuLE III. — ^To find the stress on an equilibrated elliptic hoop 
at the end of one of its axes; multiply half the length of that axis 
by the pressure per unit of length in a direction perpendicular 
to it. 

9. A Hjdrostaiic Rib is adapted to bear a pressure which, like 
that of a liquid, is everywhere normal to the rib, and which, at 




Fig. 78. 

any point, C, has an intensity proportional to the depth of spandril, 
C Y, between the rib and its horizontal directrix, Y O Y. The 
radius of curvature at each point, such as C, is inversely proportional 
to the depth of spandril, C Y. 
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The total thrust at every point of a hydrostatic rib is uniform, 
and is equal to the load on the half-rib A B. 

In what follows, the rib is supposed to spring vertically from its 
abutments at B, B. 

BuLE I. — Given, the half-span, F B = c, and the rise, F A = a, 
of a hydrostatic rib; to find the proper depth of load at the crown, 
A O = A, a^pproodmcUdy. 

Make 6 = c + oTT— ^ *^6n h = tb •, nearly. 

BxrtE 11. — ^To find the area of spandril corresponding to the 

T 

uniform thrust along the rib; call that area -, in which T repre- 
sents the thrust, and w the load per unit of area of spandril; then 

KuLE IIL — ;To calculate the thrust; being also the load on 
the half-rib. 

.2 



T^w(^ + ah). 



BuLE rV. — To find the radius of curvature at a point where 
the depth of spandril, Y C = a:, is given; divide the area found by 
Kule II. by the depth of spandril; that is to say, let r be the 
radius of curvatui'e at 0; then 



r = 



2x 



The radii of curvature at the crown. A, and springing, B, are as 
follows : 

AtA,ro= ^^ ;atB,r,=:^.^^^P^. 

A sufficient number of radii having been computed, the figure of 
the rib may be constructed to any required degree of approximation 
by drawing a series of short circular arcs. 

Bulb V. — To draw, approximately, the figure of a hydrostatic 
rib with three radii only. By Bule IY., find the radii of curva- 
ture, T-Q, rj, at the crown and springing. From the crown. A, 
diuw vertically A C = r^; and from the springing, B, draw 
horizontally B D = r j. C and D will be the centres of curvature 
for the crown and springing respectively. 

About D, with the radius DE=FA — BD, describe a circular 
arc, and about C, with the radius C E = C F, describe another 
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BuLE III. — To find tlie horizontal pressure required in a given 
jiyer of the spandril. 

Let C (fig. 80) be a point in the rib a short way below C. In 
he diagram of forces (fig. 81) draw o d parallel to a tangent to the 
ib at C; on the vertical scale of loads take o h', vertical load 
n the arc AC; draw the horizontal line h' c' cutting o c' in c'. 
Tien o c' = T' is the thrust along the rib at C; and h' c' = H', the 
orizontal component of that thrust, is the horizontal pressure 
fhich must be exerted against the part of the rib below C. H being, 
3 before, the horizontal component of the thrust at C, the difference 
I — H' will represent the horizontal pressure required to be 
xerted through the horizontal layer C E K C 

If H diminishes in going downwards, as in the example given, 
Tessure from, vnthmU is required through the layer. Through 
hose layers at which H increases in going downwards, either tension 
rom without, or pressure from vnthin, is required to keep the rib 
a equilibrio. 

Rule IV. — To find the greatest horizontal thrust, and the 
point of rupture," and "angle of rupture." 

Through o, in fig. 81, draw a number of radiating lines, such as 
c, o cf, &c., parallel to the rib at various points, as C, C, <fec., and 
nd, as in Rules I. and III., the lengths of those lines so as to 
epresent the thrust along the rib at the several points C, C, &c. 
"he length of the horizontal line, o a, representing the thrust at 
he crown, is to be calculated as in Rule II. Through the points 
, c, cf, <fec., thus found, draw a curve. Find the point, d, in that 
urve which is farthest from the scale of loads, o 5; then the 
orizontal line dk = Hq will represent the maximum horizontal 
tirust. 

Join d, and find the point, D, in ^g. 80, at which the rib is 
arallel to o d', this is the "point of rupture," or point at which 
!ie horizontal thrust attains a maximum; and the "angle of 
apture" is the inclination of the rib at that point, or .^ do a, in 
g. 81. 

The horizontal plane D F is the upper boundary of that part of 
lie spandril which exerts the maximum horizontal pressure Hq. 

Section III. — Stability op Masonry. 

1. Pressure of Earth and Water against IFalls. — RULE I. — The 

'entre of Pressure of a rectangular vertical plane pressed by a msiss 

2 
f water or of earth is at ^ of the total depth down from the upper 

orface of the water or earth. 

Rule II. — ^The Direction of the Pressure against a vertical plane 
^, for water or a bank of earth in horizontal layers, horizontal; 
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for a bank of earth in uniformly sloping layers, it is aensiblj 
parallel to the slope. 

BuLE III. — To find the amount of the pressure of water against 
each foot in breadth of a vertical plane; multiply the half-square 
of the total depth by the heaviness of water {62'i lbs. to the cubic 
foot). 

For the hecmness of earthy see page 152. 

The following is a table of natural slopes of earth; but the 
natural slope of earth in engineering works ought, as far as 
practicable, to be ascertained by observation on the spot:— - 



EABTH. 



Dry sand, clay, and mixed ( from 

earth, ( to 

Damp day ' 

Wet day. \^ 

Slungle and gravel, | f^ 

Peat J*~^ 



Angle 


Oo*«ffiQient 
of 


BepoM 


Friction. 


9 


/ 


21® 


075 


45' 


I'OO 


'^l 


031 


14** 


•0-25 


^K 


I'll 


35! • 


»o7o 


-^5: ' 


I'O 


14° 


0*25 



Gnstomuy 
designation of 
Natural Slope: 

1 -r-/to 1. 



I "33 to I 
2-63 to I 

I to I 
3*23 to I 

4 to I 
09 to I 
I 43 to I 

I to I 

4to I 



The most frequent slopes of earthwork are those called 1^ to 1, 
and 2 to 1, corresponding respectively to the co-efficients of friction 
0-67 and 0-5, and to the angles of repose 33^° and 26^^, nearly. 

BuLE lY. — ^To find the amount of the pressure of a bank of 
earth laid in plane parallel layers, against each foot in breadth of a 
vertical plane; multiply the half-square of the total depth by the 
heaviness of the earth; then multiply the product by a ratio found 
as follows : — 

In fig. 82, from one point, O, draw two straight lines, O M X 

and O K, making with each other 
the angle M O R = <P, the angle of 
repose, or natural slope of the earth. 
About any convenient point, M, in 
one of those straight lines, describe 
a semicircle, Y R X, touching the 
other straight line in R (This may 
be done by describing the dotted semicircle M R O, so as to find 
the point R) Then 

Case I. — If the bank is in horizontal layers, the required ratio is 

O Y / 1 ~ sin <g \ 
O X V 1 + sin (p)' 




^vx 
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Case II. — If tbe bank is in. layers sloping at the natural slope^ 
the required ratio is 

OR , , 

Case JJl, — ^If the bank consists of layers sloping at any less 
angle ;. draw O Q P, making the angle M O P = the actual slope 
of the bank; from P draw P W perpendicular to O P; then the 
required ratio is 

QQ /_ cos tf - J (cos ^ - cos^ ) 

O W v~ cos ^ + J (cos^ ^ - cos2 ^y 

in which $ = ^i^MOT). 

2. Kioad ott Ordlnarr Fonndatfoiu. — 8^^^^^F^t 

First Class: rock, moderately hard;, strong as ) 

the strongest red brick, J ^ 

rock of the strength of good concrete, 3.0 

rock; very soft, i*8 

Second Class: firm eaith; hard clay; clean dry ^ 

gravel; clean sharp sand, pre- >from i to 1*5 
vented from spreading sideways, j 

Third Class: sofb or loose earth; let (p be the angle of repose; 
then; 

KuiiE I*— To find the least weight of earth to be displaced by 
the foundation of a building when the load is uniformly distri- 
buted; multiply the total load (above and below ground) by 



99 
99 



n -• sin (py 

\1 + sin ^/ 



Rule H.*^^ — ^When the- load produces an uniformly-varying 
pressure, to find how far the centre of pressure may safely deviate 
fi-om the centre- of figure of the base of the foundation; find the 
centre of percussion of the base relatively to the edge where the 
pressure is to be least (see pages 156, 157), and multiply the dis- 
tance of that centre of percussion from the centre of figure of 
base by 

2 sin 

1 + sin^ (p 

Por a rockfomidation the value of this multiplier is 1. 
EuLE III.* — In the ease referred to in Rule II.* to find the 
least weight of earth to be displaced by the foundation; multiply 
the total load by 

( 1 >- sin 0f 
1 + sin^ p * 
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Rule IV.* — In the case referred to in Rule I.*, and when the 
load ahove ground alone is given; to find the least weight of earth 
to be displaced by the foundation ; let w be the heaviness of the 
earth, and w^ the mean heaviness of the materials with which the 
excavation is to be filled (including voids, if any); then divide the 
load above groimd by 

1 + sin 



(1 + sm ^2 w^ 
1 — sin ^/ w' 



Rule Y. — To find the depth of a foundation; divide the weight 
of earth to be displaced by the heaviness of that earth and the area 
of base. 

Least depth to escape injurious effects of frost = from 3 feet to 
6 feet according to climate. 

Table of Functioks of Angles of Repose. 

(P 15° 2o° 25° 30° 35° 40° 45° 

1 + sin ^ ^ ^ ^ ^ 

^ -T— - 1700 2145 2-464 3000 3-690 4-599 5-826 

x ~~ sm ^ 

1 — sin 'P 

I -. — 0-588 0-466 0*406 0-333 0*271 0*217 0*172 

/I + sin ^\2 ^ 
\ l - sin ^ J ^'^^° ^*^?^ ^'°?° ^*°^° ^3<5i9 21152 33*94 



(1 — sin ^\2 



0-224 0*165 o*m 0-073 0*047 0*0295 



1 + sin* ^ , ^ 

(1 - sin <P) 2 ^'^^5 ^'^^^ 3'535 S'ooo 7*310 11*076 17*47 

(1 - sin (p)2 

^- ^-5—- 0*514 0-421 0-283 0*200 0*137 O'OQO 0*057 

1 + sm^ ^ 

2 sin ^ o/r f^ r^^ 
r-g— 0-480 0-579 0-717 o'8oo 0*863 0*910 0'943 

tan ^ 0-268 0*364 0*466 0*577 0-700 0-839 1*000 
cotan ^ 3*732 2-747 2-145 1*732 1-428 1*192 1*000 

3. lioad on Piled Foandati0M« — Ordinary working loads on the 
heads of piles : — On piles driven till they reach firm ground, 0*45 
ton on the square inch ; on piles standing in soft ground, by friction, 
0*09 ; ordinary values of greatest load which piles will bear without 
sinking further, from 0*9 to 1*35 tons on the square inch area of 
head 



PILES — HORIZONTAL RESISTANCE OF EARTH. Ib3 

The following are rules applicable to pile-driving : — 

Let P be the greatest load which a pile is to bear without sink- 
ing farther (in tons); 
W, the weight of the ram used for driving it (in tons); 
hj the height from which the ram falls (in feet) ; 
Z, the length of the pile (in feet) ; 
«, the depth it is driven by the last blow (in fractions 

• of a foot) ; 
S, its sectional area (in square inches); 
E, its modulus of elasticity. 

(Approximate values of E in tons on the square inch — elm, 400 
to 600; alder, about 500; beech, about 600; sycamore, about 500; 
teak and saul, about 1,000; gi'eenheart, 500 to 600.) 

Rule YL — Given, all the above quantities except x; then 

X = — :?r- 



4ES- 



The pile must be driven until the additional depth gained by each 
blow, of the energy W h, becomes not greater than cc, as given by 
the above rule. 

BuLE VII. — Given, all the above quantities except W A, the 
energy required for the final blow; then 

KuLE VIII. — Given, all the above quantities except P; then 

2ESa; 



= V( T—^-l^)- 



l 



4. The liMid Supported by a Screw Pile in practice ranges from 
3 times to 7 times the weight of the earth which lies directly above 
the screw-blade. 

o. siorizontai Resisumce of Earth. — Let R denote the resistance 
opposed by a stratum of earth to the pushing or dragging of a 
rectangular plane surface through it horizontally; w, the heaviness 
of the earth ; ^, its angle of repose; 6, the breadth of the surface; 
X, the depth to which its lower edge is buried; xf, the depth to 
which its upper edge is buried; x^y the depth of the resultant of 
the resistance below the upper surface of the earth. 

BuLE IX. — ^To find the resistance; 

T> 4 M7 sin ^ ic^ _ jg'S 
cos^ 2 
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Rule X. — To find the position of the resultant; 

_ 2 (g^ - ayg) 

6. Premnre of Wtad.— RuLE XL — ^To estimate the greatest prob- 
able amount of the pressure of wind against a chimney or tower; 
if the edifice is square, take the area of its vertical cross-section ; or 
if round, take half that area; and multiply by the greatest known 
pressure of the wind in the neighbourhood against an unit of area 
of a vertical plane surface, as measured by the anemometer. (In 
Britain that pressure is about 55 lbs. on the square foot) 

E/ULE XIL — To find the position of the resultant of that pressnre ; 
find the centre of magnitude of the vertical cross-section. (See page 
83.) If the edifice is pyramidal or conical, divide the difference of 
the outside diameter at the base and top by 3 times their sam ; 
subtract the quotient from 1 ; multiply the remainder by half the 
height of the edifice; the product will be the height of the resultant 
pressure above the base. 

Rule XIII. — To find the moment of the pressure of tbe wind; 
multiply its amount by the height of its resultant above the base. 

The calculations described in the above rules should be made not 
only for the whole chimney or tower from the base upwards, but 
for the part above each bed-joint where the thickness of the masonrj 
or brickwork diminishes. 

7. Stabiiitr of Abntmentti (Including buttresses, abutments and 
piers of arches, retaining and reservoir walls.) 

Rule XIV. — To find the greatest deviation of the centre of 
pressure from the centre of figure at any bed-joint, consistently 
with atahilUy of position (that is, safety against overturning). This 
may be called the limiting position of the centre of pressure. 

Case I. Abutments <md Piers of Arches. — Take as an axis the 
edge of the bed-joint in question from which the centre of pressure 
is to deviate farthest; the required position of the centre of pressure 
will be the centre of percussion of the bed-joint corresponding to 
that axis. (See pages 156, 157.) The rules and table in those pages 
give the distance of the centre of pressure from the farthest edge 
of the bed-joint, from which subtracting the distance from that edge 
to the centre of figure of the bed-joint (usually half the whole 
thickness of the abutment), there remains the deviation required. 

Case 11. Retaining Walls, — Greatest deviation of the centre of 
pressure from the centre of figure, as fixed by practical experience 
= from 0-3 to 0*375 of the whole thickness of the wall at the given 
bed-joint. 

Rule XV. — Given, the load on a bed-joint and the position of 
the centre of pressure; to find approximately the intensity of the 
X)ressure at the edge to which the centre of pressure is neiurest; in 
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Case I. of Hule I. divide ttoice. the load by the area of the bed ; in 
Case II. multiply the breadth of the bed by once-and-OrhcUf the 
distance of the centre of pressure from< the nearest edge of the bed, 
and with the product as a divisor,, divide the load; the quotient 
will be the required intensity. 

The intensity of pressure thus found ought not to exceed one- 
eighth of the pressure which crushes the material of the building. 

KuLE XYI. — ^To calculate the moTnent of stability of an abxdmervb: 
at a given bed-joint; multiply the weight of the mass of material 
above the bed-joint by the horizontal distance of a vertical line, 
through the centre of gjravity of that mass, from the limiting 
position of the centre of pressure of the bed-joint. 

KuLE XVII. — To find the proper thickness for an abutment 
with a rectangular horizontal base &om the following data :: — 

H, the horizontal component, and Y, the vertical component, of 

the thrust to be resisted ; 
x\ the vertical height of the line of action of that thrust above 

the backward edge of the base of the abutment. 
6, the breadth of the al>utment; 
h, its height; 

w;, the heaviness of its material ; 
tt, the proportion which its bulk bears to that of the- eircum- 

scribed rectangle; so that if ^ be its thickness at thie base, 

TirW & ^ ^ is its weight;. , 
q^ the ratio which the deviation of the centre of pressure from 

the centre of figure of the base is to bear to the thickness 

at the base. (See Rule XI Y.) 
r> the ratio which the horizontal deviation of the centre of 

gravity of the abutment from the centre of figure of its base 

is to bear to the thickness at the base; 

make ^^ = A- _<?JLi)IL_ = b- 

n{q z±z r)whb ^ 2n(^q =±z r)whh ' 

using ^ 4 r if ^ and r represent deviations in contrary directions, 
and ^ - r if they represent deviations in the same direction; then 
the required thickness is 

« = ^ (A + B2) - B. 

If the thrust to be resisted is wholly horizontal, t = J A simply. 
In a vertical solid rectangular abutment w = 1 and r = 0. 

BuLE XYIII. — To find the direction of the resultant pressure 
at any bed-joint; let W = nwbht represent the weight of material 

in the abutment above that joint; then == ^ is the tangent of 

W + V 

the angle made by that resultant with the vertical In order that 
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the abutment may possess stability of friction (that is^ be safe 
against giving way by the sliding of one course of masonry upon 
another), the normal to each bed-joint ought not to make a greater 
angle with the direction of the resultant pressure at that joint than 
the angle of repose of fresh masonry; that is, from about 25^ to 36**. 
Should horizontal bed-joints prove too oblique to the pressure, 
sloping bed-joints may be substituted for them. 

Hehark. — In an abutment which has to resist a thrust concen- 
trated near one point, the risk of overturning is greatest at the 
base; but the risk of giving way by sliding is greatest at the bed- 
joint next below the place of application of the thrust; and it is to 
the latter joint, therefore, that Rule XVIII. is to be applied. 

KuLE XIX. — ^To find the proper thickness for a vertical rect- 
angidcMT retaining ivall, of a height equal to that of the bank which 
presses it. 

In each case let tc/ be the heaviness of the earth, ^ its angle of 

repose, and let ~ be the ratio of the pressure exerted edgewise by 

the layers of earth to their vertical pressure, as found in Rule IV. 
of this section. Also, let h be the height of the wall, «7, its heavi- 
ness, and q, ratio of the intended deviation of the centre of pressure 
from the centre of the base to the required thickness L 

Case I. — Bank in horizontal layers: — = = : — : 

•^ ^ p 1 + sm ^' 

h ^/ \6 q wpj 
{For a reservoir-toall, make to' = 62-4 lbs. per cubic foot; and 

?• - 0- 

Case II. — Bank in layers of indefinite extent, at the natural 
slope ^; -^ = 1. 

„ - to' cos* ^ (^ + i) w' cos ^ sin . .. 

Make —yi = a: ^^ = 6; then 

6 aw ^ a w 



l-^/" 



4-62-5. 



Case III. — Bank in layers of indefinite extent, sloping at any 

angle tf less than ^. Find - by Rule- 1 Y, Then make 

p 
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'^ • cos^ = a: -J f 7+ i I - COS ^ sin ^ = 6 : and 

6 q w p A q w \ ^J p 



t , 

^— Va + 62 - 6. 

Case lY. — Surcharged TTaW.— Bank rises from wall at natural 
slope up to height c above top of wall, or c + 7t above base; and at 
that height has a horizontal upper surface. Let the thickness, calcu" 
lated as in Case I., be ^; the thickness, calculated as in Case II. » 
t' ; and the required thickness, f. Then 

- _ ht -\- 2ci 
h + 2c ' 

The strength of a retaining wall at its base should be tested by 
Kule XV. of this section, and the atahility of fridion by Kule 
XVIII. ; and if the latter is found to be insufficient with horizontal 
beds, the beds may be sloped back ; and then the back of the wall 
should be formed into steps, with the rise perpendicular to the 
beda 

Rule XX. — Having designed a vertical rectangular retaining 
wall, to modify its figure without diminishing its stability of 
position. 

The face of the wall may be either battered, stepped, or panelled, 
so long as the centre of gravity of the part taken away does not 
fall behind a vei-tic^il line through the limitiug position of the 
centre of pressure of the basa When the face has a straight or 
curved batter, the beds of the masonry or brickwork may be laid 
perpendicular to the battered face. • 

The masonry at the back of the wall may be diminished by steps, 
provided its place is filled with material of equal weight 

Rule XXI. — For retaining walls of uniform thickness which 
lean or overhang backwai*ds, let r be the ratio which the backward 
deviation of the centre of gravity from that of an upright wall is 
to bear to the thickness ; then put q ■>(■ r instead of q in the deno- 
minators of the expressions in Rule XIX., and they will become 
applicable, without material error, to the present case. The beds 
ought to be built perpendicular to the face. 

Rule XXII. — Given, the dimensions of a wall with counter- 
forts; to find the thickness of a plain wall of equal stability. Let 
t be the thickness and b the breadth between a pair of counter- 
forts; c, the breadth of a counterfort, and T, the thickness of wall 
and counterfort together. Then the thickness of the plain wall of 
equal stability is nearly = 

/ /6 <2 + c T2\ 



I 
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8. mtone and Brick Arches. — BuLE XXIII. — To find the lecui 

proper thickness/or the arch*ring of a proposed arch ; find the longest 
radius of curvature of the arch; then take a mean proportional 
between (that is, the square root of the product of) that rsulius and 
a constant whose values are as follows : — 

Foot 

For an arch above ground, standing solitary between 
it& abutments, 0*12 

For an arch forming one of a series of arches^ with 
piers between them, » o'lT* 

For an underground archway in hard material (such 
as rock or conglomerate), 0*12^ 

For an underground archway in gravel or fiim 
earth, q*27- 

For an underground archway in wet clay, or quick- 
sand, 0*48 

Rule XXIII a. — To find the level up to which the backing of 
the arch should be built before the centiae is struck; take a mean 
proportional between the radius of curvature of the intrados (or 
inner profile) of the arch at its crown, and the thickness of the 
arch-ring;, then lay oflT the length so calculated vertically down- 
wards from the crown of the outer surface of the arch-ring. 

Rule XXIV. — For at rov^h approosimation ta the horizontal 
ihrust of an arch, take the weight of the vertical load that is. 
supported between the crown of the arch and that point in the- 
arch-ring where its inclination to the horizon is 45°. 

Rule XXV. — To find a nearer approximation to the horizontal^ 
thrust of an arch, and also to determine whether a proposed arch. 
will have sufficient stability. 

Assume that the load is supported by a linear rib coinciding wit]li? 
the centre line of the arch-ring, and treat that rib by the method 
of Article 10 of the preceding section, page 178, so as to find ita 
maximum horiaontal thrust; this wiU be nearly equal to the 
horizontal thrust of the proposed arch. As ta stability, the follow- 
ing cases may be distinguished : — 

Case L — If the supposed rib is either equilibrated' under the 
vertical load alone, or requires horizontal pressure from without 
alone to give it equilibrium, the proposed arch will be stable- 
throughout. 

Case II. — If the supposed rib requires horizontal pressure from; 
without up to a certain point 0/ rupture only, and above that point 
requires horizontal tension to give it equilibrium, the actual arch 
is stable up to the point of rupture, but above that point it may 
be stable or unstable; and its stability must be further tested as 

^\ows :— 
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"Fig. '88. 



In jSg. 83 let B C A represent one-half of a ^rmmetrical arch ; 
El li D E, an abutment^ and C^ the joint Q/rifipture, drawn perpendi- 
cular to the assumed rib at the 
point of rupture. At A, the crown 
of the arch, suppose a yerticaU 
joint. 

Pind the centre of gravity of the 
load between the joint of rupture, 
C, and the crown, A; and draw 
through that centre of gravity 4i 
vertical line. 

Then, if it be possible, from one 
point, such as M, in that vertical 
line, to draw a pair of Hues, one 
parallel to a tangent to the assumed rib at the point of rupture, 
and the other horizontal, so that the former of those lines shall cut 
the joint of rupture, and the latter the supposed vertical joint at 
the crown, in a pair of points which are both within the middle 
third of the thickness of the arch-ring, the stability of the arch will 
be secure. 

Shoidd it Tie impossible to make the pair of points fall within the 
middle third of the arch-ring, its thickness must be increased. 

HuLE XXVI. — To adapt Transformed Gatencmom curves to the 
figure of an arch of masonry. (See Article 7 of the preceding 
section, page 174.) For the intradoa (or inner profile) of the arch, 
and the extradoa (or outer profile) of the arch with its solid back- 
ing, take two transformed catenarian curves with the same 
directrix and parameter. For the extrados of the whole load 
(being usually the profile of the platform or roadway), take either 
the horizontal directrix itself, or a third and flatter transformed 
catenary with the same directrix and parameter. To find ap- 
proximately the JiorizonUd thrust; multiply the square of the 
parameter by the mean load per square foot area of spandiil (allow- 
ing for the voids, if any, between the spandril walls); and then 
multiply the product by the ratio in which tiie depth from the 
platform to the crown of the intrados is greater than the depth 
from the directrix to the middle of the depth of the keystone. 

HuLE XXVIL — -To^adapt the figure of the hydrostatic rib to an 
arch of masonry. (See Article 9 of the preceding section, page 
177). For, the intrados take the figure of the hydrostatic rib, and 
make the arch-stones of an uniform thickness, determined from the 
radius of curvature at the crown by Rule XXIII. of this Article. 
The thrust will be nearly the same as in a supposed linear rib 
coinciding with the intrados, and under the same load. 

Rule XXVIII. — To find the resultant horizontal thrust against 
a pier that stands between two equal arches, when one is loaded 
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"witli a travelling load in addition to its own weight, and tBe other 
with its own weight 'only; multiply the travelling load per unit of 
span by the radius of curvature of the centre line of the arch-ring 
at its crown. 

E.ULE XXIX. — To represent approximately the amount and 
distribution of the load upon any part of the centre (or temporary 
framing) which supports an arch in progress of construction. 

Case I. Circula/r Arch. — In ^g. 84 let O A be the radius of 
the intrados, and A B a circular quadrant of which the inti-ados 
forms the whole or part. Conceive that the half of the radius A O 
represents the weight of the arch-ring per foot of intrados. 

Let C be the point up to which the arch-ring has been built; 
and let it be required to find the amount and distribution of the 
load on the part C D of the centre. 

From C draw C E 11 A O; bisect C E in F, from which draw 

F H|| O B; di-aw D G || A O; 
then will D G represent the noraial 
pressure on each lineal foot of the 
outer surface of the centre at the 
point D; and the shaded area, 
C D G F, will represent the verti- 
p, g- cal component of the load on the 

'^' * centre between C and D, both in 

amount and in distribution. 

The point H is that below which the arch-stones cease to press 
on the rib, when the arch has been built up to the point C. 

The case in which the rib is completely loaded, the arch being 
finished all but the keystone, is represented by fig. 85. Bisect 
the vertical radius A O in K, and conceive A K to represent 
the weight per foot of intrados; draw K L || O B; L will be a 
point below which the stones do not press on the rib (supposing 
the arch to extend so far). Let D be any point in the 
intrados; draw D M || A O; then D M represents the normal 
pressure on the centre per foot of intrados at D, and the shaded 
area M D A K represents the vertical component of the load on 
the centre between A and D. 

Case II. NoTir circular Arch. — Find the two points at which the 
intrados is inclined 60° to the horizon; conceive a circular arc 
drawn through them and through the crown of the intrados, and 
proceed as in Case L 
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PAET VI. 

TABLES AND RULES RELATING TO THE STRENGTH 

OF MATERIALS. 

Section I. — ^Tables. 



Table I A. — Tenacity op Wrought Iron and Steel. 



} 



Description of Material. 

Malleable Iron. 

Wire — very strong, 

charcoal, 

Wire — average, 

Wire — weak, 

Yorkshire (Lowmoor), . . . 
„ from 

to 
Yorkshire (Lowmoor) ] 
and Staffordshire > 

rivet iron, j 

Charcoal bar, 

Staffordshire bar, . . .from 

to 
Yorkshire bridgeiron,... 
Staffordshire bridge iron, 
Lanarkshire bar,. . . from 

to 

Lancashire bar, from 

to 

Swedish bar, from 

to 

Russian bar, irom 

to 
Bushelled iron from ) 

turnings, J 

Hammered scrap, 

Angle-iron from ) from 
various districts, j to 



Tenacity in lbs. per Square Inch. Ultimate 

Lengtbwise. Crosswise. Eztensioa 



114,000 Mo. 

86,000 T. 

71,000 Mo. 

64,200 F. 52,490 F. 

66,3 /o) ^ fo- 

6o,c75/ ^- \o' 



20 
26 



59,740 F. 



63,620 
62,231 ) 

56,715/ 

49,930 
47,600 

64,795 

51,327 
60,110 

53,775 

48,933 

41,251 
59,096 

49,564 J 
55,878 



53,420 
61,260 
50,056 



} 



F. 

K 

F. 43,940 F. 
F. 44,385 

K 

K 

N. 

K 
K 
K 



0*2 to 0*25 



0-2 



{■i 



302 

86 



•04; 
•04; 

/•158 
(•238 
I -169 
•216 
'264 
1-278 

53 
33 

166 



•029 
•036 



/•15 



•248 
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Description of MaterlftL 



Table — cowUnued, 

Tenadtj in lbs. per Square Inch, 
lisngthwise. Grosswiaau 



Straps from van- ) from 55,937 I -m- 

ous districts, ... j 4o 41,386 j 
Bessemer's iron, cast J - ^ ^ ttt 

ingot, f ^^'^^^ ^• 

Bes8emef?8 iron, ham- \.^^^.^ xy 

mered w rolled, . . . . / ^ ^'^^3 w . 
Bessemer's iron, boiler ) .^q «t/* tst 

plate, / ^^'3^9 vv. 

Yorkshire plates,... from 58,487 ) -m- 55»033 1 -m- 

to 52,000 J ^^' 46,221 j ^^' 
Staffordsftiire plates, from 56,996 ) -^ 5i>25i ) 

to 46,404 j • 44,764/ 
Staffordshire plates, ) 

best-best, charcoal, J ^^' 
Staffordshire ) from 59,820 
plates, best-best, j to 49,945 
Staffordshire plates, best, 61,280 
Staffordshire platas, ) g 

common, ...J ^ ' 

Lancashire plates, 48,865 

Lanarkshire plates, from 53,849 ) -Kg- 48,848 ) -j^ 

to 43,433 j ' 39»544 j * 
Durham plates, 5i>245 N. 46,712 



F. 41,420 

P. 46,470 
F. 53,820 

F. 52,825 
F. 45,015 



{ 



Ultimate 
Extension. 



•108 
•048 



K 

F. 

F. 
F. 
F. 

F. 

F. 



{ 
{ 



{ 



•109; '059 
•170; -113 
•04; -034 

•13; '059 
•05; '045 

•05; '038 
•067; '04 

•077; *045 

•05; '043 

•043; '028 
•033; -014 
•093; -046 
•089; '064 



Effects of Reheating cmd EoUing. 

Fuddled bar, 43,904 

The same iron five^j 
times piled, reheated > 6x^824 
and rolled, ) 

The same iron eleven \ 
times piled, reheated > 43,904 
and rolled, j 



a 



Strength 0/ Large Forgings, 

Bars cut out of ) from 47,582 ) ^ 44,578 

large forgings, J to 43,759 J ' 36,824 

Bars cut out of large ) ^^^ ^ 

forgmgs, j *^^' 



{ 



•231; '168 
•205; '064 
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Table — contin/ued. 

Tenacity In lbs. per Sqaare Inch. 
Lengthwise. Crosswise. 



Deeoription of llIateriaL 

Steel and Steely Ibon. 
Caststeelbars^Fol- ) from 132,909 ) -m^ 



R 

K 

3sr. 

w. 
w. 

K 
K 
F. 



Ultiinato 
Extension. 



led and forged, f to 92,015 j 

Cast steel bars, rolled 1 ,,q qqq 

and forged, J ^' 

Blistered steel bars.) ,_, ^^o 

roUedandfoiged...;} '"'♦.apS 

Shear steel bars, rolled 1 , 1 8 ^68 

and foiged, j " 

Bessemer's steel bars, I ^ 

rolled and forged^... ) '^ 

Bessemer's steel bars, ) /r^ ^ 

castipgots, !} ^3,034 

Bessemer's steel bars, ) ,_ 

hammered or rolled! } '^2,9" 
Spring steelbars,ham- ) 

mered or rolled,.... j ''5 9 

Homogeneous metal ) ^^ a ^ 

bar^roUed, } 90,647 

Homogeneous metal ) ^^ ^_ 

bMB, rolled, } 93,000 

Homogeneous metal ) o^ ^^ . 

bars, forged, j ^'' ^ 

Puddled steel ) « *. , o ^ 

forged, j **> ^'>^^^i 

Puddled steel bars, ) -p 

rolled and forged,... J 
Paddled steel bars, ) . ■»»■ 

rolled and forged, . . . / ^^'' 5^ M. 

Mttshet's gun-metal, 1 03, 400 F. 

Cast steel plates,... .from 96,289) 1^ 97>3o^ 1 10- 

to 75,594/ ^-69,082/ ■"• 
Cast steel plates,... hard, 102,900 ) -p 

soft, 85,400/ ^* 
Homogenemis metal) ^3^ 

plates, first quauty, ' ^ ' 
Homogeneous metal 
plates, second quality, j 
Puddled steel ) from 102,593 ) ^ 85,365 ) ^yj- 

plates, j to 71,532/ •^^•67,686/ •^^' 

Puddled steel plates,.... 93,600 F. 

o 



{ 



•052 
•153 



•097 

•135 
•OSS 



•180 
•137 



{ 



•119 

•191 
•091 



-} 9M80) 97.X50) 

'^\ 72,408) 73,580/ 



0*034 

•057; -096 
•198; '196 
•031 
•031 

•086 j '144 

'0B9> "032 

( "028; '013 
( '082; '057 
0-125 
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Table — earUintted. 

tx^ . ., .^ «• * _i 1 Twiaclty In Hm. per SaiuirB ToxHl Ultimata 

DeBCriptionofMateriAL LengthwUe. Gro88wiB& Exteoaian. 

Coleford Gun-metal. 

Weakest, 108,9701 '190 

Strongest, 160,540 > F. '030 

Mean of ten sorts, i37>340 j '0J2 

In the preceding table the following abbreviations are used for 
the names of authorities : — 

C, Clay; F., Fairbaim; H., Hodgkinson; M., Mallet; Mo., 
Morin; N.,* Napier & Sons; B,., Bennie; T., Telford; W., 
Wilmot. 

The column headed '^ Ultimate Extension" gives the ratio of the 
elongation of the piece, at the instant of bresiking, to ijts original 
length. It furnishes an index (but a somewhat vague one) to the 
ductility of the metal, and its consequent safety as a material for 
resisting shocks. 

When two numbers separated by a semicolon appear in the 
column of ultimate extension (thus *082; 057), the first denotes 
the ultimate extension lengthwise, and the second crosswise. 



Table I r — RssiLiEircE of Iron aitd Steel. 

Metal TmdTTensio.L i^^^ J^^ """t?" ^T" 

Tenacity. Tenadly. Harticlly. Basflienoe. 

Cast iron — ^Weak, i3)400 4,467 14,000,000 1*425 

„ Average, 16,500 5,500 17,000,000 178 

„ Strong, 29,000 9,667 22,900,000 4*08 

Bar iron — Good average, .. 60,000 20,000 29,000,000 1379 

Plate iron — Good average, 50,000 16,667 24,000,000? 11 '57! 

Iron wire — Good average, 90,000 30,000 25,300,000 35*57 

Steel — Soft, 90,000 30,000 29,000,000 31*03 

„ Hard, 132,000 44,000 42,000,000 46-10 

In the above Table of Kesilience the working tenacity is for a 
''dead" or steady load. The modulus of resilience is calculated 
by dividing the square of that working tenacity by the modulus of 
elasticity. 

* The experiments whose extreme resnlts are marked N. were condncted 
for Messrs. R. Napier & Sons by Mr. Kirkaldy. For details, see Tranaac- 
tions of the Institution 0/ JSngmeer* in Scotland^ 1858-59; also Kirkaldy On 
t?ie Strength qflron and SteeL 
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Table of thb Besistakce of Materials to Stretchiko akd 
Teabinq by a Dibeci Pull^ in poimds cmnrdy^xns per sqiu^re 

Tenadty Modulus of 

Materials. or Resistani to orllSitonSto 

Teanng. Stretching. 

Stones, Katubal ioxd Artificial: 

ttnt, } ^^° ^ 300 

Glass, 9^400 8,000,000 

Slate, f 9'^^ , 13,000,000 

' (to 12,800 to 16,000,000 

Mortar, ordinaiT; 50 

Metals: 

Brass, cast, 18,000 9,170,000 

„ wire, 49,000 14,230,000 

Bronze or Gun Metal (Copper 8, ) ^ 

Tin i), j 36'°°° 9,900,000 

Ck>pper, cast, 19,000 

,9 sheet, • 30,000 

„ bolts, 36,000 

„ wire, 60,000 17,000,000 

Iron, cast, various qualities, {to 39,'^ towJS^o 

„ average, 16,500 17,000,000 

Iron, wrought, plates, 51,000 

„ joint^ double rivetted, 35>7oo 

^ „ single rivettedy 28,600 

„ bai-s and bolts, | ^ ^^'^^ | 29,000,000 

„ hoop, best-best, 64,000 

» ^ {toiJo;^} 25,300,000 

,, wire-ropes, 90,000 15,000,000 

Lead, sheet, 3)3oo 720,000 

Steel bora I 100,000 29,000,000 

' • t to 130,000 to 42,000,000 

Steel plates, average, 80,000 

Tin, cast, 4,600 

Zin<^ 7,000 to 8,000 
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MaTBBIALB. 



Tenadtj, 
or Resifltaiioe to 



jf odnhis of 

Eksticitj, 

or Resistanoe to 

Stretcbiiig. 



Timber Ain> other Oeqanic Fibre: 

Acacia, false. See " Locust" 

Ash (Fraamtis excelsior), 

^BaxcihooCBanUmsa aruruiiTiacea), 

Beech {J^aguB si/lvaiica), 

Birch (j&e^a cUba), 

Box {puoeus semperoirenaSy 

Cedar of Lebanon((76tini«l^t&ant)y 

Chestnut (fl cutanea Veaca),. < . 

£ha (JJl/nms cam^pestris), 

Fir : Bed Pine {Fimu sj/lijestris), < . 
„ Spruce {Ahiea exceUa), 

" I-<^(^«^^««!P-). {to 

lS.&wthoTn{CratcBgti80on/€uxm^)y 

Hazel {Coryhu Avdlana), 

Hempen Cables, 

Holly {Hex Aquifolvum), 

Hornbeam (Carpi7vm.£etidib8)y . . . 
Laburnum (Cytiws JCdiywrnvan), 
Lancewood (GtuiUeria virgata), 
lignum- Yitffi {Gtudacwn offici- ) 

«a^), •;•: :— / 

Locust {Eobinia Fseudo-Acacia), 

'MahogBjij (Swietenia Mahagont), < . 

Maple {Acer eampestris), 

Oak, European (Quercus seasUi- ( 
Jl(miBjkdQiierciL8pedu7icuUUa)y \ to 
,f American Bed {Quercus ) 

rtd>ra), J 

Saul {Shorea robusta), 

&j(XJXiOT^AcerP8eudo-Flatanu8'), 
Teak, Indian {TecUma gnrndis), 

„ African, (?) 

Whalebone, 

Yew {Taooue bacoata), 



17,000 
6,300 
11,500 
15,000 
20,000 
11,400 
10,000 
i3>ooo 



} 



{.o 

to 
|to 



1,600,000 

1,350,000 

1,645,000 

486,000 

1,140,000 

700,000 

1,340,000 

1,460,000 
1,900,000 
1,400,000 
1,800,000 
900,000 
1,360,000 



14,000 
12,000 
14,000 

12,400 
9,000 

10,000 to 
10,500 
18,000 

5,600 

16,000 
20,000 
10,500 

23,400 

11,800 

16,000 
8,000 ) 
21,800/ 
10,600 

10,000 1,200,000 
19,800 to 1,750,000 



1*255,000 



10,250 

10,000 

13,000 

15,000 
21,000 

7,700 

8^000 



2,150,000 

2,420,000 
1,040,000 
2,400,000 
2,300,000 
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II 

Table of the Besistance of Materl/lls to SnEABiKa xsd 
Distortion^ m potmcU avoirdiipoia per squa/rt iruh, 

-, . , Transverse 

Keswtanoe Elasticity, 

Matkbials. to ^^ Resistanw to 

Metals : Sheanng. Distortion. 

Brass, -wire-drawn, 5>33o>ooo 

Copper, 6,200,000 

Iron, cast, 27,700 2,850,000 

, . -, f 8,500,000 

„ wrought, 50,000 1 ^^ ^^1^^^^^ 

Fir: Red Pine, 5ooto 800 \\ ^^f^Z 

' *' l^to 110,000 

„ Spruce, 600 

„ likrch, 970 to 1,700 

Oak, 2,300 82,000 

4.8h and Elm, 1,400 7^9000 



III. 

Table of the Eesistance of Materials to Crushing by a 

Direct Thrust, in potmda amowd/wpaU per aqua/re inch. 

Resistance 
Matebialb. to 

Crashing. 

Stones, Natural aitd Artificial: 

Brick, weak red, 550 to 800 

„ strong red, 1,100 

„ fire, i»7oo 

Chalk,.... 330 

Granite, 5,Soo to 11,000 

limestone, marble, 5}5oo 

„ grannlaf, 4,000 to 4,500 

Sandstone, strong, 5,500 

„ ordinary, 3,300 to 4,400 

9, weak, 2,200 

Bubble masoiuy, about four-tenths of cut stona 

Metals: 

Brass, cast, 10,300 

Iron, cast, Yarious qualities, 82,000 to 145,000 

„ „ average, 112,000 n 

„ wrought, about 36,000 to 40,000 
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BeristaooB 

Katbrialb. to 

GnuhiDg. 

ToiBEB,* Diy^ crushed along the grain: 

Ash, 9,000 

Beech^ 9,360 

Birch, 6,400 

Blue-Giun {Ettcalypttu Globulus), 8,800 

Box, 10,300 

BuUet-tree {Ackras Sideroxylon), 14,000 

Cabacalli, 9*900 

Cedar of Lebanon, 5,86o 

Ebony, West Indian {Brya Ebenus), 1 9,000 

Elm, 10,300 

Fir: B«d Pine, 5>375 to 6,200 

„ AmericanYellowPine(Pintwi;arta6t^i9), 5,400 

„ Larch, 5,570 

Hornbeam, 7>3oo 

Lignum- VitsB, 9,900 

Mahogany, 8,200 

Mora7ifora excdm), 9,900 

Oak, British, 10,000 

„ Dantzic, 7,700 

„ American Bed, 6,000 

Teak, Indian, 12,000 

Water-Gum (Tristama nerifolia), I i^ooo 



IV. 

Table or the Resistance of Materials to Breaxino Across, 

in pounds avoirdupoia per square inch, 

Semstanoe to Brealdiig, 
Matebiau. or 

Hodnlxu of Baptare.t 

Stokes: 

Sandstone, 1,100 to 2,360 

Slate, 5,000 

* The resistances stated are for dry timber. Green timber is much weaker, haying 
sometimes only half the stren^h of diy timber against crashing. 

f The modulas of ruptnre is eighteen times the load whidi is reqmred to break a bar 
of one inch square, supported at two points one foot apart, and loaded in the middle 
between the points of support 
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TSesistanoe to Breaking, 
Matbbials. or 

Modulas of Rupture. 

Mbxaxb: 

Irony cast, open-work beams, average, 17,000 

,, „ soUdrectangalarlmrs^Yar.qaalities, 33,000 to 43,500 

w w w » average, 40,000 

„ wrought, plate beams, 42,000 



Ash, 12,000 to 14,000 

Beech,. , 9,000 to 12,000 

Birch, 11,700 

Blue-Gum, 16,000 to 20,000 

Bullet-tree, 15,900 to 22,000 

Cabacalli, 15,000 to 16,000 

Cedar of Lebanon, 7>4oo 

Chestnut, 10,660 

Cowrie (Dammara cmstrcdis), 11,000 

Ebony, West Indian, 27,000 

Elm, 6,000 to 9,700 

Eir: Red Pine, 7,100 to 9,540 

ff Spruce, 9,900 to 12,300 

„ I^ux^h, 5,000 to 10,000 

Greenheart {Nedamdr^t Bodicet), 16,500 to 27,500 

Lancewood, i7j35<) 

Lignum-Yitse, • 12,000 

Locust, 11,200 

Mahogany, Honduras, 11,500 

„ Spanish, 7,600 

Mora, ;. 22,000 

Oak, British and Bussian, 10,000 to 13,600 

,, Dantzic, 8,700 

„ American Bed, io,6oo' 

Boon, 13*300 

Saul, 16,300 to 20,700 

Sycamore, 9,600 

Teak, Indian, 12,000 to 19,000 

„ African, 14,980 

Tonka {Dipteryx odorcUa), 22,000 

Water-Gum, 17,460 

Willow {JScUiXf various species), ^... 6,600 
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Y. — SUPPLEHENTABT TABLES FOB WROUGHT IrON AND StEEL. 

Mean results of experiments by W. H. Barlow; Esq., F.ILS. : — 



Tenacity. 
Lba. on the 
Square Inch. 

Puddled steel, specimen I.,... 95*233 
„ specimen II.,... 116,336 

*! . . " 1 101,753 

cast in ingots, j "*^*' 

Fuddled steel, specimen III., — 

„ specimen lY., — 

„ specimen V.,.. — 

Homogeneous metal, 100,994 

Steely iron, 69,456 



Proof StfeoKtli, 
Transyers^ 

Loaded. 

Lbs. on the 

Square Inch. 



60,000 

63,750 

52,500 

57,500 
52,500 



Uodnlns of 

Elasticity 

tmderTraJaa- 

verse Load. 

LbSL on tiie 

Square Inch. 



62,500 22,964,000 



20,544,000 
24,802,000 
22,846,400 
23,833,600 
22,846,400 



Weight of a cubic foot of puddled steel, 485*5 lbs. ; of steely 
iron, 483 '6 lbs. (See the Engineer of 3d January, 1862.) 

Strength of Cold-rolled Iron. — The following results were obtained 
in some experiments by Mr. Fairbairn on the tenacity of iron. 
(See Manchester Transactions, 10th December, 1861.) 



Tenacity. Ultimate 

Lbs. per Square Inch. Eztensioa 

Black bar, 58,627 -200 

Same bar iron, turned, 60,747 *220 

Same bar iron, cold-rolled, 88, 2 2 9 '079 

Cold-rolled plate,' 114,912 

Mean results of experiments by M. Tresca on bars cut out of 
cast steel boiler plates. 

Tenacity. Limit of Elasticity. Modnlmof 
Lba on the Lbs. on the Elasticity. — ^Lbs. on 

Square Inch. Square Inch. the Square Inch. 

Hard steel, untempered,... 74,300 36,000 29,500,000 

„ tempered, 103,000? 71,900? 27,300,000 

Soft steel, untempered,... 81,700 34,100 24,500,000 

„ tempered, 121,700 105,800 28,300,000 

The column headed " limit of elasticity" gives the tension up to 
which the elongation was sensibly proportional to the. load. The 
results marked (?) are doubtful, because of discrepancies amongst 
the experiments of which they are the means. 
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VI. — Supplementary Table fob Cast Iroit. 



Kinds of Iron. 



Na. 1. Cold blast, 

No. 1. Hot blast, ...... 

No. 2. Cold blast, 

No. 2. Hot blast, 

No. 3. Cold blast, 

No. 3. Hot blast, 

No. 4. Smelted by coke) 
without sulphur, ) 

Toughened cast iron, <J 

No. 3. Hot blast after first 
melting, 

No. 3. Hot blast after 
twelfth melting, .. 

No. 3. Hot blast after 
eighteenth melting, ... 

Malleable cast iron, 



Direct 
Tenacity. 



12,694 
17,466 

13,434 
16,125 

13,348 
18,855 

13,505 
17,807 

14,200 

15,508 

15,278 

23,468 



23,461 
25,764 



48,000? 



RealBtanoe 
to Direct 
Crashing. 



56,455 
80,561 

72,193 

88,741 

68,532 

102,408 

82,734 
102,030 

76,900 

115,400 

101,831 

104,881 



129,876 

119,457 

98,560 

163,744 
197,120 



Modnlns of 

Rapture 

of Square 

Ban. 



36,693 

39,771 
29,889 

35,316 

33,453 
39,609 

28,917 

38,394 
35,881 
47,061 

35,640 
43,497 

41,715 



39,690 
56,060 
25,350 



Modulus 
of 

Elasticity. 



14,000,000 
15,380,000 
11,539,000 
15,510,000 
12,586,000 
17,036,000 
12,259,000 
16,301,000 
14,281,000 
22,908,000 
15,852,000 
22,733,000 



It is to be understood that the numbers in one line of the pre- 
ceding table do not necessarily belong to the scmie specimen of iron, 
each number being an extreme result for the kind of iron specified 
in the first column. 



YIL — ^Eesistance of Timber to TwianNG. 

Modulus of Bupture Modulus of l^ns- 

by Wrenctiiugi verse Elasticity. 

/ O 

Lbs. on the Square Lbs. on the Square 

Inch. Inch. 

Bed Pine of Prussia, Ij540 116,300 

„ of Norway, 950 61,800 

Elm, i>39o 76,000 

Oak (of Normandy), 2,350 82,400 

Ash, 1,460 76,000 
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VIIL 

SUPPLElfERTABT TaBLE OF PbOFEBTIBS OF TlMBEB OBOWK IN CeTI/>K; 
8KLBGTBD AKD COMFUTED FROM A TaBLE OF THE PbOPEBIXES OF 
EDTETT-SIZ KINDS OF TlHBER BY MODLIAB ADRIAN MeNDIB. 

Modaloflof Modiiliuof x/r^^ju^^^ 

T«««. ^T^^ ^TTJ:: cjTfI 

Ibfl. on tiM lbs. on tlM . ,. 
Sqnan Inch. Square Inch. 

Aladel {Artocarpus puhetems),.., 1,850,000 12,800 51 

Buruie {Chloroxylon Stmetenia), 2,700,000 18,800 55 

Caha Millie (Ft^eica&iMima ?),... 2,000,000 13,900 56 
Caluvere. See "Ebony." 

Cos {Artoca/rpuB integrifoUa), x,8io,ooo 11,000 42 

Ebony or Calavere (Diospyros \ , ^<^ ^^^ ,^ ^^^ ^, 

ElLu8\ ^.....\ ''36°>^o 13,000 71 

Gal or Hal Mendora (Vateria \ ^ .^^ _^ ,^ ^_ .. 

sp,—^) f '»S3o>ooo i3>3oo 57 

Ilal Milile {Berrya AmmomUa\ 970,000 15,200 48 
Ironwood. See " Naw." 
Jack. See « Cos." 

Mee (Bassia longifolia), 1,880,000 13,000 61 

Meean Milile ( VUex aitisdma), . . . 2,040,000 1 4, 200 56 

Naw {Meaua Nagaha), 2,580,000 17,900 72 

Palmira. See " TaL" 

Tsiioo {Mimtuopa heaxmdra), 2,430,000 18,900 63 

Satinwood. See " Burute." 

&(Kmj9k {Theapesia populea), a,6io,ooo 12,700 42 

Tal (BortigsiuJlaheUt/hrmis), 2,810,000 14,700 65 

Teak {Tectona grcmdis), 2,800,000 1 4, 600 55 

Additional Data from the Experiments of Captain Fowke, 
It.E, Captain Mayne, RK, and Modliar MENDia 

Teak from Johore (Malay Peninsula), 1 9,400 

Teak from Cochin-Cliina, 1,990,000 12,100 44 

Teak from Moulmein, 1,900,000 11,520 42 

Txon-hark (Eucalyptus — ?)from ) ^ ^ 

Australia, / 964.000 24,400 64 

Iron-bark, rough-leaved, i, 1 57,000 2 2,500 64 

Jarrab, or "Australian Mabos:- ) ^ ^ 

i,nj' {Fn^yptu»-r, ..} ^'-"51,000 20,238 59 

Stringy-bark (Evmiyptua gi-\ ^ 

yaSea) from Australia, ...... / 1.709,000 13,000 54 
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IX. — SUPPLEMENTABT TaBLE FOB StONE^ LiME, AlH) CeMENT. 

Cmshizig Stress in Ibt. 
on the Square Inch. 

Granwacke from Penmaenmaur, 1^9^93 

Basalt, Whinstone, 1I9970 

Granite fMount Sorrel), 12,861 

„ (Argyllshire), 10,917 

Syenite (Mount Sorrel), 11,820 

Sandstone (Strong Yorkshire, mean of 9 experi- 
ments), 9>824 

„ (weak specimens, locality not stated), 3,000 to 3,500 

Limestone, compact (strong), ^ 8,528 

,, magnesian (strong), 79O98 

» « (weak), 3,050 

The above are from experiments by Mr. Fairbaim. 

Mr. Fairbaim's experiments further show that the resistance of 
strong sandstone to crushing in a direction parallel to the layers, is 
only six-sevenths of the resistance to crushing in a direction perpen- 
dicular to the layers. 

The hardest stones alone give way to crushing at once, without 
previous warning. All others begin to crack or split under a load 
less than that which finally crudies them, in a prof lortion which 
ranges from a fraction little less than unity in the harder stones, 
down to about one-Jialf in the softest. 

A Year and a Half after Mixture. ^to^Sq^STilih*' 

Mortar of Lime and River-Sand, 440 

„ „ „ beaten, 600 

Mortar of Lime and Pit-Sand, 580 

„ „ „ beaten, 800 

Hydraulic Mortar, of lime and pounded tiles,. . . 680 
„ „ „ beaten, 930 

Beton, or concrete, of mortar and broken flints, 420 

Sixteen Years after Mixture, the increase of strength is in 
the following proportions : — 

For common mortar, i-8th. 

For hydraulic mortar, i-4th. 

Six Months after Mixture. Lbs. on 

the 

Adhesion of common mortar to compact lime- Sq. in. 

stone, ^ 

Adhesion of common mortar to brick, , 33 
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Om Yeab aftkb Mexturb. JZ^^^^ 

Good hydraulic lime, 170 

Ordinary hydraulic lime, < ^^ * ^^^ 

Bich lime, 40 

Good hydraulic mortar, 140 

Ordinaiy hydraulic mortar, 85 

Good common mortar, 50 

Bad common mortar, 20 

Cement from chalk lime and blue clay, a few 

days after mixture, 125 

Portland cement (from compact limestone and 

clay) 30 to 50 days after mixture,... 1,200 to 1,550 

X. — Miscellaneous Supplehentaby Table. 



HaterUL 



Cast steel bar, 

Charcoal iron wire, 

Iron wire rope, 

Iron bar, strong, 

Boiler plate, strong,.... 

Teak wood, 

Deal, 

Hempen rope, hawser-) 

laid, ^ 

Hempen rope, cable-laid, 

Silken thread, j 

Flaxen thread, 



DimensloDB. 



I m. X I in. 
area i sq. in. 
girth 1*27 in. 

I in. X I in. 
area i sq. in. 

I in. X I in. 

I in. X I in. 

girth I in. 

girth 10 in. 

area 0*000115 

sq. in. 

unknown. 



Tearing 

Load, 

Iba 



Length of 

lib. weight, 

in feet 



} 



130,000 
100,000 
4,480 
60,000 
50,000 
15,000 
12,000 

1,050 

67,200 

6 
6 



0*297 

0-3 

6*o 

0-3 

o»3 

3"o 

40 

26*0 

0*279 

19,950 
15.833 



Tenacity in 
feet of the 
Material 



38,610 
30,000 
26,880 
18,000 
15,000 
54,000 
48,000 

27,300 

18,750 

1 19,700 

95,000 



Modulus of elasticity of silken thread j 
3,000,000 feet of itself = 1,300,000 lb& on the square inch. 

Modulus of r^ilience of silken thread; 

473 foot-lbs. for a cord weighing 2 lbs. ; or 

205 foot-lbs. for a cord 2 feet long x 1 square inch area. 

The tenacity of silk-worm gut, in lineal feet of itself, is about 
the same with that of silken thread. 
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Royal Navy Canvas. 

Mean of Noa. Mean of Nob. 
1, 2; a, 4, 5, and 6. 7 and a 

Tenacity of warp in lineal feet of canvas, 21,552 27,200 

Tenacity of weft in lineal feet of canvas, 30,788 32,000 

Mean tenacity of the flaxen yam in lineal 

feet of itself, being the sum of the 

tenacities of tlie warp and weft, 52,340 59, 200 

(The above are from the Trams, of the InstUvJtion of Engineers in 
Scotland for 1865-6, on the authority of Professor Bankine, Mr. 
Peter Carmichael, and Mr. John P. SmitL) 

Aluminium bronze contains from 5 to 10 per cent, of aluminium, 
and from 95 to 90 per cent, of copper. 

Its mechanical properties are as follows, according to Mr. John 
Anderson, of the Woolwich Gun Factory : — 

Specific gravity, 7*68; heaviness, 480 lbs. per cubic foot. 

Tenacity, 73>ooo lbs. per square inch. 

Hesistance to Crushing, 132,000 lbs. per square inch. 

Cast steel in small blocks; resistance to crushing, 
in lbs. on the square inch, according to Mr. 
Fairbaim, 269,0001 



Section II. — Kules. 

1. Factors of Safety and Modnli of Strength :— 

Dead Load. Liye Load. 

Factors of safety for perfect materials and ) 

workmanship, J ^ 

For good ordinary materials and workman- 
ship: — 

Metals, 3 6 

Timber....... 4 to 5 8 to 10 

Masonry, 4 8 

A dead load on a structure is one that is put on by imperceptible 
degrees, and that remains steady; such as the weight of the 
structure itself. 

A Ivoe load is one that is put on suddenly, or accompanied with 
vibration; such as a swifb train travelling over a railway bridge, 
or a force ezei'ted in a moving machine. 

HuLB L — Given, the proportions of live and dead load on a 
structure; to find the &ctor of safety for the mixed load; multiply 
the factor of safety for a dead load by a number proportional to 
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the dead part of the load, and the factor of safely for a live load 
hj the number proportional to the live part of the load; add 
together the products, and divide hy the sum of the multipliers. 

Example. — In an iron bridge, suppose dead load : live load 
: : 5 : 4; then (3 x 5) + (6 x 4) = 39; and 39 -r (5 + 4) = 4^, 
fiictor of safety for mixed load. 

Rule II. — Given, the breaking load of a piece of material; 
to find the proof load; divide by the £5u;tor of safety for a dead 
load. 

Rule III. — Given, the intended tvorhing had on a piece of 
material ; to find the least proper breaking load; multiply by the 
proper factor of safety as found by Rule I. 

Rule IV. — To find the vxyrking modultis or co-efficient of strength 
of a given piece of material; divide the modulus or co-efficient of 
idHmate strength by the proper factor of safety. (The co-efficients 
in the tables of the preceding section relate, with a few exceptions, 
to ultimate strength, or breaking load.) 

2. iTBiforai Tension.— Rule Y. — To find the irUensiti/ o/the stress 
on a bar bearing a tensile load; divide the load by the sectional 
area of the bar. 

Rule YI. — ^To find the breaking load, or the loorJdng load, of a 
bar subjected to tension ; multiply the sectional area of the bar by 
the modulus of ultimate or working tenacity, as the case may 
be (having due regard in the latter case to the proper fisictor of 
safety). 

Rule YII. — To find the sectional a/rea of a bar to bear a given 
load; divide the load by the proper modulus. (See Rule lY.) 

Rule YIII. — To find the proportioncUe extension of a stretched 
bar; divide the intensity of the tensile stress by the "modvlus oj 
elasticity*^ (See Tables.) 

To find the elongation; multiply the length of the bar by the 
proportionate extension. 

N.B. — This Rule holds only when the load is not beyond the 
proof strength of the material. In applying it to a live load, that 
load must be doubled, so as to reduce it to the equivalent dead 
load. 

Rule IX. — To find the resilience of a bar under tension; 
multiply the proof load by half the corresponding elongation : or 
otherwise; multiply the modulus of resilience by half the volume 
of the bar. 

The five preceding Rules are applicable when the resultant of 
the stretching load travei*ses the centre of each cross-section of 
the bar. 

3. Cnlformly Tnrying Tension.— When the resultant of the 
stretching load does not traverse the centre of the cross-section of 
the bar, the intensity of the stress will sensibly vary at an uniform 
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rate ; and will be least at that edge of the section from which the 
resultant deviates, and greatest at that edge tovoa/rds which' the 
resnltant deviates. The injean intensity will be the same with that 
given by the Bules of the preceding Article. To find the ratio 
in which the greatest intensity exceeds the mean, proceed as 
follows : — 

KuLE X. — Find the cenire of mcbgnitude of the cross-section as in 
the Rules of pages 81, 82, 83, and 85. Then find its centre of per- 
cussion relatively to the edge from which the resultant load deviates. 
(See pages 155, 156, 157.) Divide the deviation of the resultant 
of the load from the centre of magnitude by the deviation of that 
centre of percussion from the centre of magnitude. Divide the 
distance of the centre of magnitude from the edge towards which 
the resultant load deviates by the distance of the same centre from 
the opposite edga (In symmetrical sections this second quotient 
is = 1.) Multiply together the two quotients, and to the product* 
add 1. (In symmetrical sections add 1 to the first quotient.) The 
sum will be the ratio in which the greatest intensity of the stress 
is greater than the mean intensity. 

4. Besisiaiice of Thin Shells to Burattng. — Let r denote the radius 
of a thin hollow cylinder, such as the shell of a high pressure 
boiler; ^, the thickness of the shell; /, the tenacity of the material, 
in pounds on the square inch; p, the intensity of the pressure, in 
pounds on the square inch, required to burst the shelL This ought 
to be taken at six times the effective working pressure — effective 
pressure meaning the excess of the pressure from within above the 
pressure from without, ■ which last is usually the atmospheric 
pressure of 14*7 lbs. on the square inch, or thereabouts. 

KuLE XI. — To find the bursting pressure of a given thin cylifik' 
drical shdL ; make 

© = - - • 

'^ r 

BuLE XII. — To find the proper proportion of thickness to radius 
for a given ultimate tenacity and bursting pressure; 

t p 

Value of / for well-made wrought-iron boilers, with single- 
rivetted joints, properly crossed; about 34,000 lbs. on the square 
inch (Fairbaim). 

KuLB XIIL — To find the bursting pressure of a thin spherical 
shdl; take double the bursting pressure of a thin cylindrical shell 
of the same radius, thickness, and material. 

Rule XIV. — To find the least proper thickness for a thin 
spherical shell of a given material and radius, for a given bursting 
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pressnre; take half the corresponding thickness for a cylindrical 
shelL 

N.B. — ^When a cylindrical boiler has hemispherical ends^ it is 
advisable to make them as thick as the cylindrical barrel, notwith- 
standing that they are thereby made twice as strong. 

KuLE XY. — Suppose a shell of the figure of a segment of a 
sphere to have a cvrcula/r Jlarige round its base, through which it is 
bolted to a flange upon a cylindrical shell, or upon another spherical 
shelL Let r denote the radius of the sphere, in inches; r^, the 
radius of the circular base of the segmental shell, in inches; p, the 
bursting pressure, in lbs. on the square inch; then the number and 
dimensions of the bolts by which the flange is held should be such, 
that the load required to tear them asund^ all at once shall be 

and the flange itself should require, in order to crush it, the follow- 
ing thrust in the direction of a tangent to it :•— 

1 , 

If the segment Ls a complete hemisphere, r^ ^ r^ and the last 
expression becomes = 0. 

5. Besiatance of Thick ShelU to Bursting. — ^Let B. represent the 

external and r the internal radius of a thick hollow cylinder, such 
as a hydraulic press, the tenacity of whose material \af, and whose 
bursting pressure is p, 

EuLE XVI. — To find the bursting pressure of a given thick 
hollow cylinder; make 

BuLE XVII. — ^To find the proper proportion of outside to inside 
radius for a given tenacity and bursting pressure; make 

R 



^V(^> 



The corresponding formulsB for a thick hollow sphere are 

Rule XVIIL— ^ = / • -J:-—f^' 

^ '^ R3 + 2 j-s 

6. BwistaBco to SiieartBc.— In rivets, keys, pins, boltcf, treenails, 
and other fastenings exposed to shearing stress, the greaUst wienaity 
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of the stress is liable to become greater than the mean intensitj, 
through unequal distribution. The strength of fastenings, allow- 
ing for that inequality of stress, is to be made equal to that of the 
main pieces which they connect together. 

EuLE XX. — ^To find the strength of an easy-fiMing fastening 
against shearing; multiply the sectional area by the modulus of 

strength; then take ^ of the product if the fastening is rectangular 

3 . . . 

in section, or j if it is circular or elliptical in section. 

Por a perfectly tight-fitting fastening the strength is the whole 
product just mentioned. Many actual fastenings are intermediate 
between easy and perfectly tight fastenings. 

Rule XXI. — Ordinary dimensions oi rivets: — 

Diameter for plates less than half an inch thick, about double 

the thickness of the plate. 
For plates of half an inch thick and upwards, about once and 

a-half the thickness of the plate. 
Length before clenching, measuring from the head = sum of the 

thickness of the plates to be connected + 2^ x diameter of 

the rivet. 

E.ULE XXI. A. — Eivetted Joints. — ^Make the joint sectional area 
of the rivets equal to the area of plate left after making the rivet 
holes; or in symbols, — 

Let t denote the thickness of the plate iron; 
d, the diameter of a rivet; 

w, the number of rows of rivets transverse to the pull ; 
c, the^^ from centre to centre of the rivets in one row; then 

, -7854 n d^ 

c = a + 7 . 

z 

Each plate is weakened by the rivet holes in the ratio 

e - d '7854 n d 
' .c ~ « + -7854 n d' 

In ^'single-rivetted" joints, w s= 1 ; in "double-rivetted" joints, 
n = 2; in "chain-rivetted" joints, n may have any value greater 
than 1. A single-rivetted joint is weakened by unequal distri- 
bution of the tension in the ratio of 4 : 5. 

Suppose that in a chain-rivetted joint the pitch, c, is fixed; then 

-7854 c^2- 
p 
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7. Bc«i«tuice !• CoMprcMtoM sBd ]»ir«ct Craahing. — ^Resistance 
to longUudinal compresnon, when the proof stress is not exceeded, 
is sensibly equal to the resistance to stretching, and is expressed 
by the same modulns. When that limit is exceeded, it becomes 
irregular. (See Eule YIII., page 206.) 

The present Article has reference to direct and simple crushing 
only, and is limited to those cases in which the pillars, blocks, 
struts, or rods along which the thrust acts are not so long in pro- 
portion to their diiuneter as to have a sensible tendency to give way 
by bending sidewajrs. Those cases comprehend — 

Stone and brick pillars and blocks of ordinary proportions; 

Pillars, rods, and struts of cast iron, in which the length is not 
more than five times the diameter, approximately; 

Pillars, rods, and struts of wrought iron, in which the length is 
not more than ten times the diameter, approximately; 

Pillars, rods, and struts of dry timber, in which the length is not 
more than about twenty times the diameter. 

In such cases the Bules of this Section, from V. to TIL, 
and also Bule X. (pages 206, 207), are approximately applicable, 
substituting thrtut for tevmon, and using the proper modulus of 
resistance to direct crushing instead of the tenacity. 

Blocks whose lengths are less than about once-and-a-half their 
diameter offer greater resistance to crushing than that given by 
the Rules; but in what proportion is uncertain. 

8. SlreMgth •€ I^oag SlniU and Plllan. — ^Long struts and pillars 
give way by bending sideways and breaking across. Let P be the 
breaking lo&d of such a pillar; S, its sectional area; I, its length; r, 
the least radiu8 of gyration of its cross-section (see page 154); /and 
c, two co-efficients depending on the material; then 

RuLB XXIL — ^For a strut or pillar fixed in direction at both 
ends. 

Bulb XXIIL — ^For a strut or pillar jointed at both ends; 

S ' j^ TW 

RxTLE XXIY. — For a strut or pillar jointed at one end and fixed 
at the other; 

s ~; WW' 
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Yalties of not Oonstants. 

LbB. on the Square Inch. 



A£alleable iron,. 

Oast iron, 

Dry timber,.... 



36,000 

80,000 

7,200 



36,000 
6,400 
3,000 



Table of Values of r^ fob Diffebent Fobhs of 

Cross-Section. 

Solid rectangle; least dimen- ) 

sion = A; j 

Thin square cell; side = A;.... 
Thin i-ectangular cell; ) 

breadth, 5; depth, h; j 

Solid cylinder; diameter = A; 
Thin hollow cylinder; dia- ) 

meter = h}. 



h^ ^ 12. 

A2 ^ 6. 
h^ ^ h + Sh 

12* h + b ' 
A« - 16. 



} 



Angle iron of equal ribs; 
breadth of each = 5; 

Angle iron of unequal ribs; 
greater, &, less, h; 

Cross of equal arms; 

H-iron; breadth of flanges, \ 
b; their joint area, A; area > 
of web, B; I 

Channel iron; depth of 
flanges + i thickness of 
web. A; area of web, B; of 
flanges. A; 

Barlow rail; cross - section ' 
composed of two quad- 
rants of radius B, mea- 
sured to middle of thick- 
ness, connected by a table 
of sectional area = joint 
area of quadrants x '273; 

Pair of Barlow rails as above, 
rivetted base to base; 

Circular segment of radius ) 
B and length 2 B ^; j 



A2 4. 8. 
62 -T- 24. 



62 A2 ^ 12 (62 + h^ 

A2 -r- 24. 

62^ A 
12 ' A + B- 



7*2 



{i. 



+ 



AB 



(A + B) ' 4(A4-B)2 



}• 



E2 -f. 7 nearly. 






{h 



•393 B«. 
cos § sin 



24 



$ Mn2 J ) 



-•'112 



9. ReslsttiMce •€ Tubes f C«llapaiBg.— BULE XXY. — Collapsing 

pressure in lb& on the square inch = 

9,672,000 thickness* , 
length X diameter ' 
all the dunensiona. being in the same units of measure. 
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When tubes are stiffened by rings, tbe length in the rule is to 
be measured from riiig to ring. 

10. Action •€ u. TmnsTemc Ijead •■ • ]le»Bi« — ^If the load con- 
sists of several parts, find the restdtant load by the Kules of Part 
Y., page 164, and Part lY., page 153. Then find the gupporting 
forces by the proper rule (XIX.) in page 163. 

BuLE XXYL — ^To find the shearing actuma exerted in a series of 
intervals of the length of the beam : — 

Case I. — If the loaded part of the beam projects outward from 
its point of support, and the load is applied at detached points, the 
shearing action in the outermost interval is equal to the load at 
the outermost point. 

To the shearing action in any interval add the load applied at 
the inner end of that interval; the sum will be the downward 
shearing action in the next interval inwards. 

For a distributed load, in symbols ; let £? a; be an interval of the 
length; w, the load per imit of length; F, the shearing action at 
the distance a: inwards from the outermost loaded point; then 

F= j^wrfax 

Case II. — If the loaded part of the beam lies between its points 
of support, and the load is applied at detached points; the upward 
shearing action in the interval next one of the points of support 
is equal to the supporting force at that point. 

From the shearing action in any interval subtract the load 
applied at the point next beyond that interval ; the remainder will 
be the shearing action in the interval next b^ond. 

For a distm>uted load, in symbols; let r^ be the supporting 
pressure at the end where the calculations commence, and F the 
shearing action at the distance x from that end; then 

^=^Vo — j^wdx, 

Remark. — In calculating the series of shearing actions in Case 
II., a point is reached where the shearing action changes its direc- 
tion, as shown by its algebraical sign changing from positive to 
negative. This is the point where the load divides (as in page 
171). At the further end of the span the shearing action is equal 
in amount to the supporting force at that end, but of contrary 
algebraical sign. Let I be the span ; P;, the supporting force at ite 
further end; and F?, the shearing action close to that end; then 



F,= Po- p^wfix=--Ti; 



and this formula serves as a check on the accuracy of the calcula- 
tions by the preceding formula. 
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Rule XXVII. — To find the bending moments exerted at a series 
of points in the length of the beam. Multiply the length of each 
interval by the shearing action exerted in that interval; add 
together* the products corresponding to the intervals which He be- 
tween one end of the beam and the point where the bending 
moment is required; the sum will be the required bending 
moment. 

In symbols, let M be the bending moment at the distance x from 
one end of the beam; then 

M.= JjFc^aj. 

Remabe. — The accuracy of the calculation of the bending 
moments at a series of points may be checked by trying whether 
at the further end of the span the bending moment vanishes; 
that is 



M.= /, 



Rule XXVIII. — To find the grecUest bending mxynveml; take 
the bending moment at the point where the load divides; that is^ 
where F = 0. 

For tables of the comparative values of different units of bending 
m>omeniy see pages 104, 110, 113. 

11. Explanation of the Table of Examples. — ^W, total load; Ij 

length of beam fixed at one end, or span of beam supported at both 
ends; F, shearing action, and M, bending moment, at distance a;'' 
from one end ; x\j distance from one end at which shearing action 
is greatest; k, ratio of greatest shearing action to total load W; 
x'q, distance from same end at which F = and M = a maximum; 
m, ratio of maximum bending moment to WZ. That is to say, 
let Fj = greatest shearing action, and M^ = greatest bending 
moment; then Fj = A; W; M^ = mW^. 

To transform the expressions in the following table, Cases IV. 
to VII., which are suited for co-ordinates measured from one 
point of support of a beam supported at both ends, into expressions 
suited for co-ordinates measured from the middle of the beam, 
let c be the half-span^ and substitute 2 c for I, c — x for a?', and 
c + X for Z — a;', throughout the whole of that part of the 
table. 

12. Tmirelling i<oad on a Beam. — A beam of the span I is sup- 
ported at the two ends ; a permanent load of the uniform intensity 
of w lbs. per lineal foot is distributed over it. An additional load, 
such as the weight of a railway train, of w' Iba. per lineal foot, 
gradually rolls on to the beam from one end, covering it at last 
from end to end, and then rolls off at the other end, (For the 

continuation of this Article see page 216.) 
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KuLE XXTX. — ^The Greatest Shearing Action at a giveii cross- 
section occurs when the longer of the two segments into which it 
divides the beam is loaded with the travelling load as well as with 
the permanent load, and the shorter loaded with the permanent 
load only. Let F denote that action, and x' the distance of the 
section in question from the nearer end of the beam; then 

Let X be the distance of the crossHsection in question from the 
middle of the beam, and c the half-span; then 

F = to a + — ^-j '—, 

The Greatest Bending Moment at a given cross-section occurs 
when the whole span is loaded with the travelling load, and is 
therefore given by Case VL of the table j via., 

„ _ {w + w') 7i{l — x') _ {w + u/){c^ — a^ 
^ - 2 - 2 

Bemabk. — If the travelling load is liable to rush suddenly on to 
the bridge, like a swift railway train, its actual weight should be 
ilouhled in taking the value of ti/, in order to reduce it to the 
equivalent steady load; and when this has been done, the factor of 
safety employed in further calculations may be that suited for a 
dead load. 

13. The moment •€ Besiataiice of a Beam at a given cross-section 
ought to be at least equal to the greatest bending moment. 

BuLE XXX. — In a skeleton beam, consisting of stringers and 
braces only (see fig. 72, page 169), to find the moment of resist- 
ance at a given joint ; multiply the sectional area of the stringer 
opposite that joint by the greatest safe intensity of stress along it 
(tensile or compressive as the case may be) and by the perpendicular 
distance of the centre line of the stringer from the joint; the pro- 
duct will be the required moment of resistance. 

BuLE XXXI. — In a thin-webbed beam with parallel flanges 
along the edges of the web (in other words, of a thin- webbed I- 
shaped section) the flange which becomes convex by the bending 
of the beam is stretched, and that which becomes concave com- 
pressed. Multiply the sectional area of each flange by the greatest 
safe stress along it (tension or thrust according as the flange is 
stretched or compressed) ; then multiply the lesser of the two pro- 
ducts by the perpendicular distance between the centre lines of the 
flanges; the final product will be the required moment of resist- 
ance, approximately. In this method the moment of resistance 
of the web is neglected. 
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N.B. For the best economy of material, tlie two prodcicts first 
mentioned should be equal to each other. The cross-section of the 
beam is then said to be of eqyujd strength. 

E.ULE XXXII. — In a solid beam, to find ^he moment of 
resistance at a given cross-section : — 

Step 1. — Find the TiXfoJtrcd axis of the cross-section by taking its 
centre of magnitude (see pages 81 to 84), and drawing through 
that point a straight line perpendicular to the plane in which tibe 
bending of the beam takes place. 

Step 2, — Find the geoTne^ricaZ moment of inertia of the cross- 
section relatively to its neutral axis, by dividing that section into 
narrow strips parallel to the neutral axis, multiplying the area of 
each strip by the square of its distance from the neutral axis, and 
adding the products together. (In Bules L^ II., and III. of page 
154, put "cross-section" for "body," and "area" for "mass," 
and those rules become applicable to the present purpose.) In 
symbols, let y be the distance of any strip from the neutral axis ; «, 
its length parallel to that axis; dy, its breadth; and I, the geometri* 

cal moment of inertia of the section ; then 1 = I y^zdy {z=:n'h h\ 

where h is the breadth, h the depth, and vl a factor depending on 
the form of section). Also, let S be the sectional area, and r the 
radius of gyration of the section relatively to its neutral axis (see 
page 211); thenI = r2S. 

Step 3. — Divide the greatest safe tensile stress on the material 
by the greatest distance of the stretched particles of the cross- 
section from the neutral axis, and the greatest safe compressive 
stress by the greatest distance of the compressed particles from 
the neutral axis; multiply the lesser of those quotients by the 
moment of inertia of the cross-section; the product will be the 
required moment of resistance. 

In symbols, let y, and y^, be the greatest distances of compressed 

and stretched particles from the neutral axis; f^ and^J, the greatest 

f 
safe thrust and tension on those particles respectively; let ^ stand 

f f 
for the lesser of the two quotients, — , --; then the moment of 

resistance is ^ j 

where n is a factor depending on the form of cross-section. Another 
expression for the moment of resistance is as follows :— 

M='^ =g/iAS; 
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in which S is the area of the crosa-sectiony and q a suitable 
numerical &ctor. 

For the best economy of material, the two quotients ought to be 
equal) that is to say, 

Vi V. Vk h 

This gives a crcm-aeMon of equal strength. 

EtamptiKs of the Numerical Factors. 



Fonn (tf Croaa-SectfoiUL 



L Bectangle & ^ 

(indadiiig square) 



IL ElUiwe-- 

Yertical axis \ 



Horizontal axis &, 

(including circle) 

UL Hollow rectangle, h h-^ h*i'\ 
also I -formed section, 
where 1/ is the sum of the 
breadths of the latOTcd 
hollows, 



rV. Hollow square, 
A« — A^ 



I 



V. Hollow ellipse, 



VL Hollow circle, . 



VJU. Isosceles triangle; base &, 
height h; yi measured 
from summit, 



n'=- 



hh*- 



12 



64 20-4 
» 0-0491 



1 /^_^^^^ 
12 V^ hh*) 



12 V^ A*/ 



20-4V^ 6A»y 



20-4 V^ AV 



36 



-'=^' 



1 
2 



1 
2 



1 
2 



1 
2 



1 
2 



1 
2 
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= 00982 
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6V^ AV 
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Form op CEOss-SEonoK, _ 

I. Bectangle^ g« 

II. Ellipse and circle^ A, 

o 

III. Hollow rectangle, ,, ,,. 

S = 6 A - h'h'j also I-shaped i . ^A. 

section, b' being the sum of ^ ^ 

the depths of the lateral TT. b' h' \' 

hollows, ^V 3T/ 

lYs Hollow square, S = A* — h\... 

V. Do., very thin (approx.), -g. 

YL HoUo. ellipse, |(l -^^ . (l - *^). 

VIL HoUow ckcle, | A + ^V 

VIII. Do., veiy thin (approx.), - 

IX. T-shaped section; flange A, (C + 4 A 

web C; S = A + (approx!), 6 (0 + A) (C + 2^) ' 

X. I-shaped section; flanges A, B; 
web C; S = A + B + C; the 

beam supp<«ed to givewayat^.^^^^^ 43. j2AB 
the flange A (approx.), -6 (0 + 2B) (A + B + C) ' 

X.A. Do., do., the beam sup- 
posed to give way at the flange ^ ,q ^ ^ ^ ^ ^ ^x ^ 12 A B 
^ ^^PP^^->' -6(C + 2A)(A + BTC) • 

XL I-shaped section; with equal 

flanges; A=B;S = C + 2A ^A. ^A \ 
' (approx.), eV C + 2A/ 

14. c?roM-8ectimui •£ Bqnal Strength have already been mentioned. 
The following rules are applicable where the beam is I-shaped, con- 
sisting of a vertical web, rectangular or nearly so in section, with 
flanges of small depth compared with the depth of the web, running 
along its upper and lower edges. 
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Let fa be the greatest safe thrust; yj^ the greatest safe tension; 
ya and yi^ the distance from the neutral axis to tlie centres of the 
compressed and stretched flanges respectively; A = j/a + ya, the 
depth between the centres of the flanges; A and B, the sectional 
areas of the compressed and stretched flanges respectively; G, the 
sectional area of the web measured from centre to centre of the 
flanges. 

KuLE XXXIIL— ^ greater than fi^ (as in cast iron). Given, 

A, C; to find B; 

B=-^A+-^^*C. 

Beiiabk. — The moment of resistance is 

M = A {/. A + (2/. _/.) ^ } = a{/»B-(/.-2/.) J }. 

In practice, A^ B is often used as an approximation to this 
moment. 

BuLE XXXin A.— ^ less than^ (as in wrought iron). Given, 

B, C; to find A; 

A =-^* • B +"^^7^ 0. 
Behare. — The moment of resistance is 
M = a{/,B + (2/. -/.)^} = a{/.A + (2/. -/,)§}. 

In designing I -shaped beams, fix C by considerations of prac- 
tical convenience, and then find A aud B so as to give the required 
moment of resistance. 

15. ILionsitadinal Sections of Equal Strength. — ^BULE XXXIV. — 

To give a beam a longitudinal section of equal strength, make h A^, 
or h S, at different points of the length of the beam, vary propor- 
tionally to M ; taking care near the points of support to leave 
enough of material to resist the shearing action. 

To effect this with the greatest economy of material, let the 
depth, A, be uniform, and make the breadth, 6, or the sectional area, 
S, vary proportionally to M. 

To effect the same thing, and give the beam the greatest possible 
flexibility, either let h be constant, and make h vary proportionally 
to ^/"M; or let S be constant, and make K vary proportionally 
toM. 

16. Allowance for ITelsliC of Bean. — ^RuLE XXXV. — Let W 

be the exteiTial working load, dead, live, or mixed, on a beam; dy its 
proper factor of safety; and let 9 be the fSactor of safety for a dead 
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load. Haying fixed the depth beforehand, calculate a prcmffwrud 
breadth, or a provisional sectional area, suited to bear safely the 
external load alone; and thence compute a provisioTud weight for 
the beam, — say B'. Then increase the breadth, or the sectional 
area^ in the following ratio : — 



8'W — SW 



and the beam will safely bear its own weight in addition to the 
given external load. 

HuLE XXXVL — Given, the span I, weight B, and external 
working load W of an actual beam of a given sort; to find the 
limiting spcm, L, of a beam of the same sort, and with the same 
proportion (h -r- 1) o£ depth to span, which will just bear its own 
weight safely and no more. 

T , s'W+sB 

^ = ^*— 7b — 

KuLE XXXVII. — Given, for a certain sort of beam, with a 
given proportion, h -r- I, of depth to span, the span I, and the 
limiting span, L, of similar beams; to estimate the probable pro- 
portion of weight of beam to external load; 

B «' I 



W 8 Ij — 1 

17. »eiiecUo« •€ Beam*.— EuLE XXXVIII. — ^To find the curv- 
aJbare (that is the reciprocal of the radius of curvature) of an 
originally straight beam at a given cross-section. 

Case I. — The bending moment given. Divide the bending 
moment by the moment of inertia of the given cross-section (see 
Article 13 of this section, page 217), and by the modulus of elasticity 
of the material. In symbols, let r be the radius of curvature; then 

1_^ 
r"~Er 

Case II. — The cross-section under its proof stress. Divide the 
proof stress (/^) by the distance of the most severely strained 
particles from the neutral axis, and by the modulus of elasticity; 
the quotient will be the proof curvature; 

r E y^ 
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In crast-iectums ofeqwd strength the proof coryature is 

1 _/. +/> 
r E^ ' 

Bulb XXXIX. — To find the dope of the beam (origin&Uj level) 
at a given point. Divide the length of the beam into small 
intervab {d x); multiply the length of each interval by the corva- 

tnre at its centre (giving the product — J ; add together the 

products for the intervals from a point where the beam continues 
horizontal to the point where the slope is required; the sum 

(.•=/^)wm be t^e required dopa 

Bulb XL. — To find the deflection. Multiply the length of 
each small interval by its slope (obtaining the product tdx); add 
together those products for iiie intervals extending between the 

highest and lowest points of the beam, the sum (v = j id x) will 

be the required deflection. 

The preceding is the general method. The following are special 
rules >— 

Let c be the Judf-span of a beam supported at both ends, or the 
length of a beam fixed at one end; h, the extreme depth, and b, the 
extreme breadth of the beam; W, any given load;/^, the proof 
stress ; or/«,the proof thrust, and/»,the proof tension, in cross-sections 
of equal strength; nvh, the distance of the most severely straised 
layer from the neutral axis; n! b A', the moment of inertia of the 
greatest cross-section; m", n", m"', n"', numerical multipliers. 

Bulb XLI. — Steepest slope under proof load; 

*i-E^rA' V EA /• 

Bins XUI. — Proof deflection; 

n\^. / n-U+/,)c^ 
^'^"-Em'A' V EA / 

Bulb XLIIL — Steepest slope under a given load^ W; 

*'i "" E n' 6 A*" 
Bulb XLIY. — ^Deflection under a given load, W; 

*'i "" E n' 6 A«- 
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Case. 

A. XThifobm CROSs-SEcnoisr. 

I. ConstantMomeiitof Flex- 1 

xire, J 

IL Fixed at one end, loaded ) 

at other, / 

m. Fixed at one end, uni- ) 
formly loaded, J 

IV. Supported at both ends, ) 
loaded in middle, j 

V. Supported at both ends, ) 



Proof Load. Given Load. 

Factors for Factors for 

Slope. Deflection. Slope. Deflection. 



m' 



if. 



1 

2 
1 

3 
1 

2 
2 



uniformly loaded, j 3 



4" 

1 

2 
1 

3 
1 

4 
1 

3 
5^ 

12 



n^ 



*w 



1 

2 
1 

6 
1 

I 
1 

6 



1 

3 
1 

8 
1 

6 
5^ 

48 



B. XJnipobm Stbength ksd TJni- 
FOBM Depth. 



(The curvature of these is uniform). 

VL Fixed at one end, loaded 1 
at other, j 

VIL Fixed at one end, uni- ) 
formly loaded, j 

VIIL Supported at both ends, ) 
loaded in middle, j 

IX. Supported at both ends, ) 
uniformly loaded, j 



1 

2 
1 

2 
1 

2 
1 

2 



■ \ 

1 1 

2 4 

1 1 

2 4 

1 1 

4 8 



C. TJkifobm Strength aitd Uni- 
form Breadth. 



X. Fixed at one end, loaded to _ 2 ^ 

at other, J 3 3 

XL Kxed at one end, urn- 1 .^^^^ 1 j^^t^ 1 

formly loaded, j 2 

XIL Supported at both ends, ) » - 1 ^ 

loaded in middle, J 3 3 

Xin. Supported at both ends,) j.^y^g q.^^qq ^.33^7 01427 
uniformly loaded, j 
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Rule XLV. — Given, the half-span, c, and the irUended proof 
deflection, Vj, of a proposed beam; to find the proper value of the 
greatest depth, h^; make 






(taking n" from the preceding table, and making m' Kq as before, 
denote the distance from the layer in which the stress is /^ to the 
neutral axis.) 

If the cross-section is to be of equal strength, make 

*«- — wv, — • 

Rule XLVL — ^To deduce the greatest stress in a given layer of 
a beam from the deflection found by experiment. 

Let h be the depth of the beam at the section of greatest stress, 
and y the distance from the neutral axis of that section to that 
layer of the beam at which the greatest stress is required : — 

c, the half-span of a beam supported at both ends, or the length 
of the loaded part of a beam supported at one end; 
n", the factor for proof deflection, already explained; 
E, the modulus of elasticity of the material; 
V, the observed deflection; 
then the intensity of the required stress is 

Ey V 

Rule XLYIL — To find the resilience of a beam loaded at one 
point; multiply half the proof load by the proof deflection. 

18. ConUnnom oirden.— In the following rules the girder is 
supposed to be of uniform cross-section, and to be continuous over 
two or more piers. The half-span of one bay is denoted by c; the 
fixed load per unit of span by w; the travelling load per unit of 
span, if brought on slowly, hj uf; if the travelling load comes on 
suddenly, to must be understood to stand for the equivalent dead 
load; that is tioice the actual travelling load per unit of span. The 
moment of resistance of the uniform cross-section is to be adapted 
to the most severe bending moment. 

Rule XL VIII. — To find the bending moment at mid-span 
(Mq), and the reverse bending moment over each pier ( - MjJ, when 
every span is loaded with the travelling load; 



M, 



(m? + W?') c2 (W + Vf) (^ 
= j: ; — Mi = 5 . 
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Rule XLIX. — To find the said bending moment when the span 
under consideration is loaded with the travelling load and the 
adjoining spans with the weight of the bridge only; 

■ («> + 2«0c» . _ {2w + iar)c^ 

Every continuous girder bridge has two end hays at which the 
'continuity stops; and these must be of less span than the inter- 
mediate bays. 

Bui iE L. — The proper span of an end bay should be not less than 

/ Q jn I an' 

c \/ Q (or it will be too light); and not greater than 



( 1 + V 3^+^) ) (^^ i* ^^ ^ *^^ ^®*^)- 



To calculate the froof deflection of continuous girders, use Rule 
XLIV., page 223, with the following values of the multiplier n"; 



Every span fully loaded,. 



1 

'8 



One span fully loaded; the adjoining spans loaded 
with the weight of the bridge alone; the lesser 
of the two following factors, 



J 



w + 3 w' 
^w + Sw' 

8 10 + 4 1^' 



19. Arched Bibs. — In the following rule the rib, of iron or 
timber, is supposed to have its centre line of the fomi of a parabola, 
of the half-span, c, and rise, k. The sectional area of the rib at its 
crown is denoted by A, and at other points that area is supposed 
to vary as the secant of the inclination of the rib to the horizon. 
The depth of the rib, h, is supposed uniform. The moment of 
resistance of the rib to cross-breaking is supposed to be denoted by 
fj^q h A; q being the multiplier of which values are given in page 
219. The uniform fixed load per unit of span is denoted by w; 
and the travelling load per unit of span, if gradually put on, by vf; 
if suddenly put on, w' denotes twice the actual travelling load per 
unit of span. The rib is supposed to be jointed at the crown and 
at the springing. 

Rule LI. — When the rib is fully loaded, to find the horizontal 
thrust (H), and the intensity of the stress (p), 






H 
A* 
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BuLE LIL — ^When one-half of the span onlj is loaded with the 
travelling load^ the horizontal thrust is, 



H 



" +-s)2V 



Also, let -=-^ s= M' ; then the greatest intensity of stress is 

Kemabk. — That greatest stress is compressive; and is exerted 
near the middle of the length of the inner edge of the unloaded 
half of the rib, and of the oater edge of the loaded hal£ 

Rule LIIL — Given, the greatest safe stress, f^; to find the 

proper area, A, for the rib at its crown; calculate the two follow- 

M' 
ing quantities: H as in Bule LL; and H' H — r &s in Kule UL; 

divide the greater of them hj/^; the quotient will be the required 
area. 

20. Sciffeaing Olrder.— RuLE LIY. — To find the proper moment 
of resistance for a stiffening girder for a suspension bridge; calcu- 
late M' as in Rule LIL The greatest shearing OiUion in that 

girder is -j- • 

The stiffening girder is liable to he bent upwards and down- 
wards altematelj; and therefore it should be made alike above 
and below. 

21. Kcsifliaace !• TwiMflag.— Let h be the external diameter of a 
shaft; A', the internal diameter (if it is hollow); f^ a modulus of 
stress. 

Rule LY. — Moment of resistance of 

a solid cylindrical shaft, O'lSG/'A'; 

a hollow cylindrical shaft, •.•.0'196/' • r — ; 

a solid square shaft, 0*28/' 7fi. 

Rule LYI. — ^To find the thickness of a shaft which shall have 
a given moment of resistance to twisting, M. 

solid cylindrical shaft, h^^^ Wmj) ' 

hollow cylindrical shaft, &' = n&; A = aY ( o.^gg n ,^4\/7 * 

solid square shaft^ A =s a / ( a.oq ^ )« 
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Stress in Lbs. on the Square Inch. 
Breakiiig. Working. 

Cast iron^ 27,700 4,000 to 4,500 

"Wrought iron, 50,000 8,000 to 9,000 

Bulb LYII. — When bending and twisting actions are cora- 
uined on one shaft, let M be the bending moment, and T the 
twisting moment; then make the shaft of the diameter suited to 
resist the following tioistmg moment: — 

M + ^ (M2 + T2). 

HuTiE LVIII. — The angle of torsion of a bar, whether cylindrical 

2 f I 
or square, when under the proof stress/', is -ttt'} ^ which I is 

the length, and h the thickness of the bar, and C the modulus of 
transverse elasticity. 

22. Backied Plates.^— BuLE LIX. — To calculate the load uni- 
formly distributed over a buckled plate, which will crush it; the 
plate being square, and fastened all round the edges. Multiply 
the depth to which the plate is buckled by the square of the thick- 
ness, both in inches and by 165; the product will be the crushing 
load in tons, nearly. Central load which crushes a buckled plate, 

about ^ of uniformly distributed load. 

23. SnapeBsion Bridges.— As to the horizontal tension, see page 
173. As to stiffening girders, see page 226. 

EuLE LX. — Given, the working horizontal tension, H, the half 
span, X, and the depression, y, of the chain or cable; to calculate the 
weight of a half-span of it. (Factor of safety, 6.) 

Ha: 

For the strongest wire cables, make C = . ^^^ ^ ; 

Haj 

For cable iron chains, make C= . 

' 3,000 feet 

Then for a chain or cable of uniform croaa-section, the weight of a 
half-span is 

and for a chain or cable of uniform strength (the area varying as 
the tension) the weight of a half-span is 

For eyes and fastenings of links, add one-eighth to net weight 
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PART VIL 

MACHINES IN GENERAL. 

SiBCnON I. — ^EULES BELATINa TO THE COHPABISON OF MOTIONSL 

1. nitftioB •f • Wmimt* — As to measures of speed of advance, or 
linear velocity, and of speed of turning, or angular velocity, see 
page 102. In the following rules, when not otherwise spcM^ified, 
linear velocity is supposed to be expressed in /eet per secandy and 
angular velocity in circular measwre per second. Linear velocities 
and angular velocities are represented by lines, and compounded 
and resolved, like forces and couples. (See pages 158 to 163.) If 

there be three bodies, 1, 2, and 
3, and 3 has a given motion 
relatively to 2, and 2 a given 
motion relatively to 1, the 
resultant of those two motions 
is the motion of 3 relatively 
tol. 

Rule L (See fig. 86.}- 
*' • Given, the velocity and direc- 

tion, A B, of the motion of a point, A; to find the component of that 
velocity along a given line, X A X ; from B, let fall B C perpen- 
dicular to X X ; A C will be the required component In symbols; 

AC = AB-cosCAB. 

Rule II. — A point moves in a curve of a given radius (r) with 
a given linear velocity {v) ; to find the a/nguUvr vdodty of revciuiion, 
divide the linear velocity by the radius. In symbols; 

V 

o = -. 
r 

Rule IIL — ^In the same case, to find the rate of deviation; 
divide the square of the linear velocity by the radius; or otherwise, 
multiply the square of the angular velocity by the radius. In 
symbols; 

rate of deviation = — = a^r. 

r 
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2. Translation of a Bigid Body is that kind of motion in which 
all points in the body move with equal velocities and in parallel 
directions along equal and similar paths, straight or curved. 

KuiiE IV. — During translation the relative motion of two points 
in a rigid body is = 0. Their coTnparative motion at any instaht 
consists in equality of speed and identity of direction. 

3. Rotation of a Bigid Bodf.— E.ULE Y. — Given, an axis of 
rotation in a rigid body, and the angular velocity of rotation; to 
find tlie direction and velocity of the motion of any point in the 
body. Let fall a perpendicular from the point on the axis; the 
required direction will be perpendicular to that perpendicular and 
to the axis; and the required velocity will be the product of the 
angular velocity into the length of that perpepdicular. 

KuLE VI. — Given, the linear velocity of a point in a rigid body 
rotating about an axis; to find the angular velocity; divide the 
linear velocity by the perpendicular distance of the point from the 
axis. 

HuLE VII. — Given, an axis of rotation, and two points not iu 
that axis; to find the compcMrative motion of those two points. The 
ratio of their velocities, or velodty-ratio, is equal to the ratio of their 
perpendicular distances from the axis. 

!RuLE VIII. — ^A rigid body moves parallel to a given plane, and 
the directions of motion of two points in it are given; to find its 
axis of rotation, if any. 

If the two points are not in one plane parallel to the given plane 
of motion, take their projections on such a plane (A, B, in figs. 87, 
88, 89); the motions of those projections will be identical with 





Fig. 88. 




Fig. 89. 

those of the original points. In each figure the arrows represent 
the given directions of motion of the points. 

Case L — Directions not parallel (fig. 87). Perpendicular to the 
given directions, draw A O, B O, cutting each other in O; the 
required axis will traverse O, and be perpendicular to the plane of 
motioDu 
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Case IL — ^Diiections parallel to each oflier, and not pOTpen- 
dicolar to line of connection, A R In this case the motion is one 
of translationy and there is no axis. 

Case ILL— Directions peipendicnlar to A B. (See figsL 88, 89.) 
In this case tiie jooblem is indeterminate unless the velocity-ratio 
of A and B is given. Thai draw A V^ B V|^ in the directions of 
motion of A and B, and bearing to each other the given ratio ; draw 
the straight line V^ Vj, cutting A B (produced if necessary) in O; 
this will give the position of the required axis. 

RgigAity — ^The axis found l^ Rule VIIL may be either per- 
manent or insUmtaneous, 

Bulb IX. (See fig. 90.)— In a body rotating with a given 

speed about a given axis, O, to find the 
component, in a given direction, B A, 
perpendicular to that axis, of the velocity 
of a point, A On A B let fall the per- 
pendicular O B, and multiply its length 
by the angular velocily. 

4. 8E«ti*M m€ KigMly-C«BBCCte4 Points. — 

A pair of points, A and B (fig. 91), are 
so connected that their distance from each 
other, A B, is invariabla 




Fig. 90. 




Fig, 91, 

Rule X. — Given, the directions, A a and B 5, of the motions of 
a pair of rigidly-connected points at a given instant ; required, their 
velocity-ratio. Draw the straight line of connectioUy A B, and 
produce it if necessary. Then lay off in it any convenient equal 
distances, A C = B D. Through C and D draw perpendiculars to 
the line of connection, cutting A a and B 6 in E and F. Then, 
velocity of A : velocity of B : : A E : B F. 

5. Painta in Sliding Contact. — In hg. 92 let A B and C D repre- 
sent a pair of smooth surfaces moving in sliding contact, and let 
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T mark the position of the pair of particles wHich at a given 
instant touch each other. 

KxTLE XL — Given, the directions T V^ 
and T Y^ of the motions of the con- 
tiguous particles; to find the ratio of their 
velocities. At the point of contact 
draw T TJ of any convenient length 
normal to the two surfaces at that point. 
Through U draw TJ V^ Vg parallel to 
the common tangent plane of those sur- 
faces, and cutting the directions of motion 
of the contiguous particles in V, and Y^ Then velocity of 
particle 1 : velocity of particle 2 : : T V^ : T Vj. 

Section IL — Rules relating to Mechanism. 

1. Boiling Contact. — ^The conditions of rolling contact between 
two pieces in a machine (such as two smooth wheels, or a smooth 
wheel and a sliding bar) are as follows : — If the two pieces turn 
about axes, the two axes and the straight line of contact of the two 
pieces must be in the same plane, and must either be parallel or 
intersect in one point. If one piece turns on an axis, and the 
other slides, the axis and the line of contact must be parallel to each 
other, in one plane perpendicular to the direction of sliding. 

Rule I. — Two pieces (smooth wheels) are to turn in rolling 
contact with each other about a pair of parallel axes, with a given 
ratio of angular velocities; say that of a : 6. To find the position 
of the line of contact of the pitch-surfaces; let c be the line of 
cemi/res; that is, the perpendicular distance between the axes; then 
the distances of each point of contact are, — 

h c 
From the axis about which the angular velocity is as a; -, ; 

ft ft 
From the axis about which the angular velocity is as 6 ; -., 

In other words, the radii wre inversely a>s the angvla/r velocities. 
Rule II. — ^A rotating piece (such as a smooth wheel) and a 
sliding piece move in rolling contact. Given, the angular velocity 
of the rolling piece; to find the linear velocity of the sliding piece; 
multiply the angular velocity of the rolling piece by the perpen- 
dicular distance from its axis to the line of contact of the 
pitch-surfaces. 

Rule III. — Given, the ratio of the angular velocities of two 
coniccd or smooth bevd wheels about their axes (which meet in one 
point); to find the line of contact of the pitch-surfaces of those 
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wheels. In fig. 93 let O A, O C be the two axes, intersectiiig in 
O. Laj off on those axes, Oa,Ob, respectively propoitioiial to 

the angnlar velocities of the 
wheels which are to turn aboat 
them. Complete the parallelo- 
gram O b c a; the diagonal 
O e (produced as &r as re- 
quired^ will be the line of eon- 
tact 01 the two pitch-snr&ces; 
and those snr&ces will be 
Fig. 93. cones made by sweeping ttiat 

line round the two axes respectively. 

2. skew-Berel Whecik — ^The pitch-sorfaces of skew-bevel wheels 
are hyperboloids, generated by the revolution of the line of 
contact about each of the axes, to which it is neither parallel nor 
intersecting. 

Rule I v . — The directions and positions of the axes being given, 
and the required angular velocity-ratio, a : 5, it is required to 

find the obliquities of the line of con- 
tact to the two axes, and its least 
perpendicular distances from those 
axes. 

In fig. 94 let A B, C D be the 
two axes, and G K their common 
perpendicular. 

On any plane normal to the com- 
mon perpendicular draw a & || A B, 
c c^ II C D, in which take lengths in 
the following proportions : — 

a :b : : h p : h qi 

complete the parallelogram hp e q, and draw its diagonal, e h/; 
the line of contact, E H F, will be parallel to that diagonal 

From p let fall p m perpendicular to h e. Then divide the 
common perpendicular, G K, in the ratio given by the proportional 
equation, 

: GK : GH : IkTR; 




Fig. 94. 



h e 



e m 



m h 



and the two segments thus found will be the least distances of the 
line of contact from the axes. 

The first pitch-surface is generated by the rotation of the line 
E H F about the axis A B, with the radius vector G H; the 
second, by the rotation of the same line about the axis C D, with 
the radius vector H K. 
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3. Teeth ef Wheels. — B.ULB Y. — To find the least ikickness 
suitable for the teeth of a wheel Divide the pressure to be trans- 
mitted by 1,500 lbs., and extract the square root of the quotient 
for the thickness on the pitch-circle in inche& 

KuLE YI. — ^To find the least pitch suited for the teeth of a wheel ; 
multiply the least thickness on the pitch-line by 2^. 

HuLE YII. — To find the hast breadth suited for the teeth of a 
wheel j divide the pressure to be transmitted, in lbs., by 160, and 
by the pitch in inches; the quotient will be the required breadth 
in inche& 

E.ULB YIIL — To find the proper circumference for a wheel; 
multiply the pitch by the intended number of teeth. 

KuLE IX. — To set out invclvie teeth. In ^g. 95 let C^, Cg be 
the centres of two circular wheels whose pitch circles are B^, B2. 
Through the pitch-point, I, draw the intended line of connection, 
P^ Pg, making the angle I P = ^ with the line of centres. This 
angle is usually about 75°. From C^, Cg, draw 

C^^ = TCi • sin ^, C^Pg « 1^2 ' «^^ ^y 

perpendicular to P, Pg, with which two perpendiculars as radii, 
describe circles (called base circles), D^, Dg. The proportions of 
the triangles, C^ I Pj, Cg I Pg, are in 
practice nearly as follows : — 

65 : 63 : 16 : : I C : C P : I P. 

Make a circular mould of the figure of one 
of the base circles, D ; wrap a cord round 
the edge of it; make fast one end of the 
cord, and tie a pencil or tracing-point to 
the other end; on unwrapping the cord, 
the point will trace the figure of a tooth 
for the wheel to which the base circle 
belongs. 

All involute teeth of the same pitch 
work smoothly together. -- g^ 

To mark the path of contact of the teeth ; ^' 

lay off a distance equal to the pitch x sin ^ (say = ^ 

Pj Pg in either direction from I. The distance of the tip of a tooth 
of either wheel from the centre of that wheel is equal to the dis- 
tance from that centre to the further end of the path of contact. 

The teeth of a rack, to work correctly with wheels having invo- 
lute teeth, should have plane surfaces perpendicular to the line of 
connection, and consequently making, with the direction of motion 
of the rack, angles equal to the before-mentioned angle A 

The smallest possible number of involute teeth in a pinion is the 




pitch], along 
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whole number next aboye 2 «* tan $, When tan ^ = r^ that 

lo 

number is 25. 

BuLE X. — ^To set ont epvcydoidal teeth. Make two moulds of 
the iSgure of the pitch-circle of the wheel, one convex, the other 
concave. Make a circular disc called the describing cirdey with a 
tracing-point in its circumference; the usual size of the describing 
circle is such that its circumference is six times the pitch, and its 
radius therefore = pitch x 0*955. To trace the ^nib of the teeth, 
roll the describing ciitsle inside the concave mould; to trace their 
faces, roll it outside the convex mould. 

In fig. 96 let B B be the pitch-circle; I (7, part of a radius of 

the wheel ; B, the describing circle 
when inside the pitch-circle; B', 
the describing circle when outside 
the pitch-circle. On the circum- 
ferences of the describing circles lay 
off I D = ID' = the pitch; D wiU 
be the inner end of the flaiik of a 
toothy and D' the outer end of the 
£EU3e of a tootL 

All wheels having epicycloidal 
teeth set out with the same pitch 
and the same describing circle work 
accurately together. 

The smallest practicable pinion 
having epicycloidal teeth is that 
the circumference of whose pitch- 
circle is twice that of the describing 
circle. According to usual proportions, it has twelve teeth. Theii- 
flanks are radial straight lines. 

BuLE XL — ^To set out ap- 
^' *■ proxiTnate epicycloidal teeth; 

let p denote the pitch, n 
the number of teeth in the 
wheeL 

In ^g, 97 let B C be the 
part of the pitch-circle, A the 
pj^ 07 point where a tooth is to 

^* cross it SetoffAB = AC 

P 
« ^. Draw radii of the pitch-circle, D B, E C. Draw F B, C G, 

making angles of 75^° with those radii, in which take 





BF = ^ 



P. 



n 



2 w + 12' 



CG= ^ 



P. 



n 



2 w - 12 
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Hound F, with the radios F A, draw the circular arc A H; this 
will be the face of the tooth. Round G, with the radius G A, 
draw the circular arc G K ; this will be the flank of the tooth. 
(See Willis On Mechcmism,) 

4. Screws. — ItuLE XII. — To find the advance of a screw corre- 
sponding to a given number of turns; multiply that number by 
the pitch (measured pai'allel to the axis, between corresponding 
X)oints on two successive turns of the thread). 

KuLE XIII. — Given, the pitch of a screw; to find the obliquity 
of the thread to the axis at a given distance from the axis; 
multiply that distance by 6*2832 (so as to find the corresponding 
circwniference), and divide by the pitch; the quotient will be the 
tangent of the required obliquity. 

Rule XIV. — To find the normal pitch of a screw (measured 
perpendicularly to the thread) at a given distance, r, from the axis; 
\etp be the pitch; then 

Normal pitch = ^ ^/ J ^^ ^y 

Rule XY. — To make two screws of given numbers of threads 
and given cylindrical pitch - surfaces gear together; make the 
normal pitches of the screws proportional to their numbers of 
threads, and the angle between their axes equal to the sum of the 
obliqillties of their threads, if both are right-handed or both left- 
handed ; or equal to the difierence of those obliquities if one screw 
is right-handed and the other left-handed. 

N.R — ^The angular velocities of two gearing screws are inversely 
as their numbers of threads. 

5. PniieTB and Bands (whether belts, cords, or chains). — Rule 
XVI. — To find the ratio of the speed of twming of two pulleys 
connected by a band. Measure the effective radii of the pulleys 
from the axis of each to the centre line of the band; then the 
speeds of turning will be inversely as the radiL 

Rule XVII. — To design a pair of tapering speed-cones, so that 
the belt may fit equally tight in all positions. 





Fig. 98. Fig. 99. 
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Case I. — ^Belt crossed {^g. 98). Use a pair of equal and similar 
cones tapering opposite ways. 

Case II. — Belt uncrossed (fig. 99 ) Use a pair of equal and 
similar conoids tapering opposite ways, and hvZging in the middle 
according to the following formula: — Let c denote the distance 
between the axes of the conoids; r^, the radius at the larger end of 
each; r^ the radius at the smaller end; then the radius in the 
middle, Tq, is found as follows : — 



"" 2 6 2Se' 



6. Unkwork^When two pins are connected together by a link 
or connecting-rod, to find their velocity-ratio at any instant, use 
Rule X. of the preceding Section (see page 230), taking the centres 
of the pins as a pair of rigidly-connected points. 

"When the points thus connected move in one plane, use Rule 
y III. of the preceding Section to find the instantaneous axis of the 
link; the velocities of the connected points will be proportional to 
their perpendicular distances from that axis. Should the triajigle 
formed by the connected points and their instantaneous centre be 
inconveniently large, proceed as follows : — 

Rule XVIII. — Draw any triangle having one side parallel to 
the line of connection or centre-line of the link, and the other two 
sides respectively perpendictUa/r to the directions of motion of the 
connected points; the last two sides will be proportional to the 
velocities of those points. 

Example.— CranA; and Piston-Rod, ^In fig. 100 let R T^ bea 

piston-rod; T^, its head; C Tg, a 
crank; Tg, the crank-pin ; T^ Tg, 
the connecting-i'od. Through T^ 
draw Tj K perpendicular to R T^ 
and produce C Tg; the intersec- 
tion, K, of those straight lines 
will be the instantaneous centre 
of the connecting-rod; and if Wj 
and Vg be the velodities of T^ and 
Tg respectively, v^ r Vg : : K Tj : 
PI ^QQ K Tgi — or otherwise; through C 

draw C A perpendicular to R T^, 
and cutting the line of connection, T, T« (produced if necessary) in 
A. Then v^ :v^ : iG A : CT^ 

7. Panuiei OTotian..— RuLE XIX.— Given (in fig. 101), the line 
of motion, G D, of a piston-rod, the middle position of its head, B, 
and the centre. A, of a lever which, in its middle position, A D, is 
perpendicular to D G; to find the radius of the lever, so that the 
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]mk connectiDg it with B shall deviate equally to the two ddes of 
G D during the motion; also, the length of the link. 

Make D E = i stroke; 
join A E; and perpendicu- 
lar to it, draw E F cutting 
A D produced inF; A F 
^will be the required radius. 
Join F B; this will be the 
link. 

BuLE XX. — Given, the 
data and results of B.ule 
XIX.; also the point, <G, 
where the middle position 
of a second lever connected 
with the same link cuts 
G D: to £nd the second 
lever, so that the two ex- 
treme positions of B shall 
lie in the same straight line, 
G B D, with the middle 
position. 

Through G draw a 




Fig. 101. 



straight line, L G K, perpendicular to G D ; produce F B till it 
cuts that line in L ; this point will be one end of the required 
second lever at mid-stroke, and F L will be the entire link. 
Then in D G lay off D H = G B ; join A H, and produce it 
till it cuts L K G in K ; this will be the centre for the second lever. 

When the two extreme posi- 
tions and the middle position 
of B lie in the straight line 
G D, the whole of its positions 
are near enough to that line 
for practical purposes. 

Rule XXI.— Given (in ^g. 
102), the main centre, A, the 
middle position of the main 
lever, A F, the piston-rod-head, 
B, and its length of stroke; the 
radius, A F, of the lever, and 
the main lirJcy F B, having been 
found by Rule XIX. Let the 
figure represent those parts at 
mid-stroke; and let it be re- 
quired to construct a parallel 
motion consisting of a parallel- 
ogram, E D F (in which C E ^ F D is called the pwalld har^ 
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and D E = F C the hack link), and a radiua lever, or bridle, H E, 
jointed to the angle E of the parallelogram. 

Draw the straight line A B, catting the back link D E in G ; 
then by Rule XX. find the lever H £, such that the middle and 
extreme positions of G shall lie in one straight line. 

(The point G shows where a pump-rod maj^ if convenient^ be 
jointed to the back link). 

8. mocks AMd Tackle.— Rule XXII. — The ratio of the velocity 
of the /aU of a tackle to the velocity of the moving block is equal 
to the number of plies of rope by which the fixed and moving 
blocks are connected with each other. 

9. Pistona. — The area of a piston is to be measured on a plane 
perpendicular to its direction of motion. The stroke of a piston 
moving in a straight line may be measured along the line of motion 
of any point in the piston ; when it moves in a circle the stroke 
is to be measured on the line described by the centre of the area. 

Rule XXIII. — To find the volume swept by a piston per stroke; 
multiply the stroke by the area. 

Rule XXIY. — Two pistons have an invariable volume of fluid 
between them; to find the ratio of their velocities; take the 
reciprocal of the ratio of their areas. 

Section III. — Rules relatikg to Work at Ukifobh asd 

Periodical Speeix 

1. G«ncrBl PrtadplM.— In a machine moving at an uniform 
speed the driving and resisting forces are balanced. If the speed 
is varied; but in such a manner that the variations are periodic^ the 
moan driving and resisting forces during one period, or complete 
revolution, are balanced. The energy exerted is equal to the 
whole work performed; in the former case, at all times; in the 
latter, during any whole number of periods or revolutions^ As to 
units of work, see page 103. 

2. c*iiipiitaa«n of Work ]>•■«• — To compute the quantity of 
work done : — 

Rule I. — ^When a weight is lified to a given height : — ^multiply 
the weight by the height 

Rule II.— When a body shifts through a given distance against 
a given force : — 

Case I. K the force is directly opposed to the motion (being a 
direct resistance)^ multiply the force by the distance moved; 

Case II. If the force is obliquely opposed to the motion ; either 
resolve the force into a resistance directly opposed to the motion, 
and a lajteral force perpendicular to the motion (see page 160, Rule 
VIIL), and multiply the resistance by the distance moved; or 
otherwise: — ^resolve the motion into a direct component opposed 
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to the entire £01*06, and a transverse component at right angles to 
it, and multiply the entire force by the direct component of the 
motion. (In symbols, let F be the force, a the distance moved, 
S the angle of obliquity; then work done = F « cos f). 

KuLE III. — ^When a rotating body turns through a given angle 
against a resisting couple of a given moment (see pp. 104, 161) : — 

Multiply that moment by the extent of turning in circular 
measure. (See page 102.) 

HuLE I V . — ^When a piston moves against a pressure of a given 
intensity (see p. 103) : — 

Multiply that intensity by the volume swqot by the piston. (See 
page 238, Kule XXIII.) 

Kemark. — The unit of volume and unit of intensity should be 
adapted to each other, so that the product of their numbers may 
express units of work. For example : — 

Unit of Intenaity. Unit of Volume. Unit of Work. 

Lbs, on the square foot. Cubic foot. Foot-pound. 

Lbs. on the square inch. i , . ™ , . I do. 

^ I X 1 m. X 1 m. J 

Lbs. on the circular inch. "I 1 ^ , ?^ j. > da 

( long X 1 m. diam. J 

Kilo, on the square m^tre. Cubic m^tre. KilogrammStre. 

3. C^mpiitattan of Snergy, Power, and Ettctency. — (I.) When a 

given weight descends through a given height, or (II.) a given / 
force drives a body shifting l£rough a given distance, or (III.) a 
rotating body is driven by a couple of a given moment, or (IV.) 
a piston is driven by a pressure of a given intensity, the rules 
are the same as in the preceding Article ; except that for resistance 
is to be put effort, or driving force, and for tvork done, energy exerted. 

For stored or potential energy; use the same rules, substituting 
possible for actual motions. 

KuLE V. — To find the energy which must be exerted to make 
a machine perform a given motion at an uniform or periodical 
speed against given resistances Find, by the rules of the preced- 
ing article, the quantities of work done during the given motion 
against the resisting forces, and add them together; the sum will be 
the total tvork done, to which the energy to be exerted will be equaL 

As to Power, see page 104. 

KuLE VI. — To find the Efftciency of a machine; distinguish the 
resistances, and the work done asainst them, into useful and waste- 
ful; then divide the useful work by the total work; the quotient 
will be the efficiency. 

Rule VII. — To find the efficiency of a train ofmachmes; mul- 
tiply together the efficiencies of the elementary machines of which 
the train consists. 
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4. €«MpatattoB •€ DHriag Fmpm. — Suppose a macliine to be 
driven against given resistances bj an effort or driving force applied 
at, and in the direction of motion of, the d/rimng point ; and tibat it 
is required to find the effort which will maintain an uniform speed. 

Rule YIIL — Find the energy to be exerted, by Rule Y., and 
divide it by the space moved through by the driving point; — of 
otherwise: 

Rule VI IL a. — Find, by the principles of mechanism (see Sec- 
tion I. of this part, pages 231 to 238), the ratios of the velocities 
of the several uxyrking points, where resistances are overcome, to the 
velocity of the driving point. Multiply each direct resistance by 
the velocity-ratio belonging to its point of application, and add 
together the products; &e sum will be the required effort. 

Rexabks. — This is called ^^ reducing the resistcmees to the driving 
point" Rule YlII. A. may be applied to a machine capable of 
motion, though not actually moving; it is then called the '* prin- 
ciple of virtual vdocitiesJ* When only one resistance is overcome, 
the effort and resistance are to each other inversely as the velo- 
cities of their points of application. 

5. FricUoB In JHacUoM.— Rule IX. — ^To calculate the resistance 
of friction to the sliding of two surfaces (when the pressure is not 
so great as to grind the surfaces, or force out the unguent), mul- 
tiply the amount of the load, or direct pressure between the sur- 
faces, by the co-efficient of friction. 

EoapiUmcUion of the Table, — ^, angle of repose; /=tan ^, co-effi- 
cient of friction; 1 :/= cotan 0, reciprocal of that co-efficient. 
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Wood on wood, dry, 

„ „ soaped, 

Metals on oak, dry, 

»» ») 19^ 

„ „ soapy, 

Metals on elm, dry, 

Hemp on oak, dry, 

»» »» wet,.. 

Leather on oak, 

Leather on metals, dry, 

>» »> wet, 

». •! gwwy, 

» » oily, 

Metals on metals, dry, 

„ „ wetandelean, 

„ „ damp and slimy,... 

Smooth sorfaoes, occasionally greased, 

„ „ oontinnally greased, 

„ „ best results, 

Bronze on lignnm vit», constantly wet. 
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In order that the load may neither grind the surfaces nor force 
out the unguent of the beariugs of machinery, the pressure is to be 
limited by the foUowiug rules; in which, by atrea of hearing is 
meant the product of the length and diameter of a cylindrical 
bearing ; although the real area on which pressure acts is much 
smaller. 

KuLE X. — Add 20 to the velociiy of sliding in feet per minute, 
and divide 44,800 by the sum; the quotient will be the greatest 
proper intensity of pressure in lb& on the square inch, with' the 
furtlier limitation that the intensity is in no case to exceed 1,200 
lbs. on the square inch. 

IluLE XL — To calculate the moTnent of friction of an axle; 
multiply the resultant load by the radius of the axle, and by the 
sine of the angle of repose (which is sensibly equal to the co-efficient 
of friction). 

6. Paiiex and Strap.— Let T^^ be the tension at the tighter side of 
the strap, and T^ the tension at the slacker side, so that T^ — Tq 
is the force to be exerted between the strap and pulley; also let c 
be the a/rc of conta/st between the strap and pulley, in fractions 
of a circumference, and y* the co-efficient of friction. 

HuiiE XIL — Given, c, f and the force T^ — Tq; to find the 
tensions, greatest, least, and mean. Let N be the number corre- 
sponding to the common logarithm 2*73 /c; then 

T — T "N" 

2~ "" 2 (N - 1) ^1 <>^* 

Remark. — ^Whether the calculation relates to driving belts or to 
strap-brakes, the co-efficient, /, should be estimated on the supposi- 
tion of the surfaces being oily; say 0-15 for leather on metal, and 
0*08 for metal on metal. 

7. Balancing of iTiaehineiT*— In a machine every piece which 
turns on an axis should, as far as possible, have its re-actions 
balanced. 

KuLE XIII. — In order that there may be no tendency to shift 
the axis, arrange the weights that turn together about it so that 
their common centre of gravity shall be in the axis. (This 
constitutes a "gtanding balance") 

BuLE XIY. — In order that there may be no tendency to turn 
the axis into varying directions; multiply each of the masses that 
turn together about the axis by its a/rm or perpendicular distance 
fi-om the axis. Regard the products as representing forces, each 
pulling the axis towards the mass to which that product belongs. 
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and arrange tlie masses so that the moments of those forces shall 
balance each other. 

Bttles XIII and XIY. are thus expressed algebraically. At a 
fixed point in the axis of rotation, let three planes fixed relatively 
to the rotating masses cut each other at right angles; two inter- 
secting each other in the axis, and the third perpendicular to it. 
Let m be any one of the masses which rotate with one angular 
velocity about the axis, and x, y, Zy its distances from the first, 
second, and third planes respectively. Then for a standing 
balance, make 

S'ma5 = 0;2*wiy = 0j 
and for a running balance, make also 

'2 ' mzx ^ 0; ^ * mzy = 0, 

m 

8. W«rk of Tarlable Force«— BULE XY. — ^To find the work done 
against a varying resistance, or the energy exerted by a varying 
effort Construct a dia^rcvm in which intervals of the length, or 
base-line, shall represent distances, and breadths or ordinates shall 
represent forces acting through those distances. The area of the 
diagram (measured by the Rules of pages 64, 65, 66, 67) will 
represent the work done, or the energy exerted. The common 
trapezoidal Rule, D, page 67, is usually accurate enough for this 
purpose. 

Kehark. — If intervals of the length be taken to represent 
volumes swept through by a piston, and breadths to represent 
intensities of pressure (as in page 239), the area of the diagram will 
still represent work done or energy exerted. 

BxJLB XVI. — To find the mean value of the varying force; 
divide the area of the diagram by its length, so as to find its mean 
breadth; this will represent the required mean force. 

9. RMUtance mn lilnes of liand-Carriage.— EuLE XYTE. — To 

find the resistance of a load drawn on a line of conveyance by land; 
to the co-efficient of resistance on a level (/) add the sine of the 
inclmation (t) if ascending (or subtract that sine if the inclination 
IS deecencUng); multiply the load by the sum (or difference), 
in symbols, let W be the load, R the resistance; then 

Il = (/=i=t)W, 

VALUES OP THE Co-EPFICIENT OF RESISTANCE OW A LeVEL. 

nf fiiA^^^r""^*, ^ ^ *^® velocity in feet i)er second : r, the radius 
of the wheels of the carriage in tiic^le^; thin 

/ '- (Morm). 
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a, h* 
For good broken stone roads, •{ + ^'^ .^^ > '025 

For pavements, jf^^ *"? '^^^ 

YaJue9 of yj from experiments by Sir Jobn Macneill,— 
Sandy and gravelly groimd, '14; gravel road, '07; 
Broken stone road, from '03 to '02; pavement^ •013».- 

II. RaUvoays* — ^Let Y be the speed in miles an hour; then 

/= from -0027 to -004 ^1 + j^Y 

On cwrves, add to the above value oif, 

Tor carriages with parallel axles. ,. ^.^ , •, 
° . radius m feet 

For carriages with moveable axles, — r- — ; — :r-T« 

radius in teet 

KuLE XYIII. — To calculate the probable adhesion of a locomotive 
engine; multiply the weight which rests on the driving wheels by 

the co-efficient of adhesion f = about = j. In symbols, let E be 

the weight of the engine, q the fraction restiog on driving wheels; 
then 

ObDINABY YaLUES op q AND ^. 

Na of Driving ., q 

Wheels. »* f 

Passenger engines, a |^ .^*^ .^J^ 

^ J . M /from '67 '095 

Goods engines, -4 ^^ .^^ .^^^ 

Do do. all i-oo '143 

* Proportion of gross to net load in railway trains ; goods, from IJ to If ; 
minerals, from 1} to 2 ; passengers, about 3. Passengers without luggage 
weigh on an average about 15 or 16 to the ton; with luggage, about 10 to 
the ton. 



244 XACHIKSS nr general. 

Obdikabt Weights of Locohotiye Engines.* 
Weights of Engines with separate Tenders, — 

(Tlfte Tender mUfiM ftom 10 to 15 tana.) Toivl 

Narrow gauge passenger locomotiyes, six- ) tq to 2<* 

wheeled, with one pair of driving wheels, j " 3 
Do. do. do. Tumsually heavy, 24 to 27 

Broad gauge passenger locomotive, eight- h 

wheeled, with one pair of driving wheels > 35 

8 feet in diameter, j 

Croods locomotive, from four to six wheels, ) * . 

coupled, I 7 3 

Weights of TarJc Engines, carrying Fud and, WaJt&r, — 

Tons. 

For light traffic on branch lines, 12 to 20 

For heavy traffic on steep inclined planes, ) . , 

with from six to twelve wheels, J ^ 

KuLE XIX. — ^To calculate the greatest tractive force (P) of a 
locomotive engine ascending a given gradient. Multiply the 
weight of the engine (E) by the sine of the inclination (t), and 
subtract the product from the adhesion. In symbols, — 

p = ri - »^ E. 



-d-') 



In order that an engine may be able to draw a given load, P must 
be not less than B, (Rule XYI.) That is to say, on the ruling 
gradient, let E be the weight of the heaviest engine, T that of the 
heaviest load drawn behind the engine; then 

(|-<)e.(/..)t. 

Hence the following rules : — 

E_/+_» 
Rule XX.— Given, q, i,f; then T q . 

7""* 

grE rn 

Rule XXL— Given, E, q, T,/y then i = ~7 ^^ 



E + T 



>• 



• Proper weight of raila, in lbs. to the yard = 15 x greatest load on a 
dnving wheel in tons. 

Weight of a chair; common = 1 foot of rail; joint = from 1* to li foot 
of rail. * 
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KuLE XXIL — To find the total work done by a locomotiVe 
engine in a given time; multiply the resistance of engine and train 
as carriages by the distance run, for the nxl work; then multiply 
by about 1^, to allow for resistance of mechanism of engine. In 
symbols, let x be the distance run; then 

Total work =\^x (/db *) (E + T). 



Section IV. — Rules belatihg to Yarying Speed. 

1. Ceiierai Principles. — An unbalanced force applied to a body 
produces change of momentum equal in amount to and coincident 
in direction with the impulse exerted by the force. Impvhe is the 
product of the force in absolute units (see page 104) into the time 
during which it acts in seconds. Momentum is the product of the 
mass of a body into its Telocity in units of distance per second. 
The unit of mass is the masd of an unit of weight — such as a pound 
avoirdupois, or a kilogramme. A body receiving an impulse re-CLcta 
against the body giving the impulse^ with an equal and opposite 
impulse. 

2. Acceleration and Retardation. — BULE I. — To find what impulse 
is required to produce a given change in the velocity of a given 
mass; multiply tlie weight of the mass by the change in its velocity, 
in units of distance per second. 

(If the change consists in acceleration, the impulse must be 
forward; if in retardation, backward.) 

KuLE IL — To find what energy must be exerted upon or taken 
away from a given mass to produce a given increase or diminution 
of its velocity; find the impulse required; divide it by the 
number of absolute units of force in the weight of an unit of 
mass, and multiply the quotient by the mean velocity during the 
change; — or otherwise: multiply the weight of the mass by the 
change in the value of the hdCf-squa/re of its velocity, and divide by 
the number of absolute unite of force in the weight of an unit 
of mass. 

Kemabe. — Absolute units of force in the weight of an unit of 
mass; in Biitish Measures (velocities being in feet per second), 
32-2 nearly; in French Measures (velocities being in metres per 
second), 9 -809 nearly. (See page 104.) This constant is denoted 
by g* and sometimes called ^^grcmty.^* 

* More exact fovmula for g, 

flr=: flTi (1 — 0-00284 COB 2 X) A - ^V 

in which gi = 32*1695 in British Measures, or 9*8051 in Erench Measores; 
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Rule IIL — To calculate the ctctual energf^ of a moving mass; 
maltiply its weight hj the half-square of its velocitj, and divide 

B(JLE lY. — To calculate what unbalanced effort, or unbalanced 
resistance, as the case may be, is required to produce a given 
increase or diminution of a body's speed, in a given time, or in a 
given distance. 

Case I. — If the time is given ; multiply the weight of the mass 
by its change of velocity; divide by g, and by the time in seconds. 

Case IL — If the distance is given; multiply the weight of the 
mass by the change in the half-square of its velocity, and divide by 
ffy and by the distance. 

BuLE V. — To find the reliction of an accelerated or retarded 
body ; find, by Rule IV., the force required to produce the change 
of velocity ; the re-action will be equal and opposite. 

Remark. — The momentum, energy, and re-action of a body of 
any figure undergoing PransltUion are the same as if its whole 
mass were concentrated at its centre of gravity. 

3. Derlated ]IE«tlom and CentrlfliSRl Force. — To make a body 

move in a curve, some other body must guide it by exerting on it 
a deviating force directed towards the centre of curvature. The 
revolviDg body re-acts on the guiding body with an equal and 
opposite cerdrxfugal force. . 

Rule VI. — To find the deviating and centrifugal force of a 
given mass revolving with a given velocity in a circle of a given 
radius. Multiply the weight of the mass by the square of its 
linear velocity, and divide by the radius ; — or otherwise : multiply the 
mass by the square of its angular velocity of revolution (see page 
228), and multiply by the radius : — ^the result will be the value of 
the deviating and centrifugal forces in absolute units, which mav 
be converted into units of weight by dividing by g. 

Remark. — ^The resiUtant centrifugal force of a rigid body of any 
shape is the same in amount ana direction (though not Uie same 
in distribution) as if the whole mass were collected at its centre of 
gravity. 

Rule VII. — To find the height of a revolving pendtdum which 

makes a given number of revolutions per second; divide . ^ by 
the square of the number of revolutions per second. (Approximate 
values of j^f being the height of the pendulum, which makes 

X, Utitnde of the place ; ohflervinff that when 2 \ becomefl obtuse, the term 
contaJTiing it is to he added instead of being subtracted ; h, height above the 
level of &e sea; and £» the earth's radius = 20,900,000 fee^ or 6,370,000 
metres, nearly. 
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ft 

one revolution per second; 0*815 foot = 9*78 inches = 0'2iB 
metre nearly.) 

N.B. — ^The hdglU of a revolving pendulum is measured ver- 
tically, from the level of its centre of gravity to the level of the 
point where the line of suspension cuts the axis of revolution. 

4. Botadns Bodies— FiT-Wfaeeis. — ^As to the moment of inertia 
of a body turning about an axis, see pages 154 to 156. 

HuLE YIII. — To find the angtUar momerUiMn of a rotating 
body ; multiply its moment of inertia by its angular velocity in 
circular measure. (See page 102.) 

HuLE IX. — To find the ticttial energy of a rotating body; 
multiply either its angular momentum by half its angular velocity, 
or its moment of inertia by the half-square of its angular velocity; 
divide the product by g, 

KuLE X. — To find the moment of the couple required in order 
to produce a given change in the angular velocity of a rotating 
body, in the course of a given time, or of a given angular motion^ 
as the, case may be. 

Case I, — If the time is given; divide the change of angular 
momentum by g, and by the time in seconds. 

Case II. — If the angular motion is given; divide the change of 
actual energy by the angular motion in circular measure. 

B.ULE XI. — Given, the alternate excess and deficiency (A E) of 
energy exerted as compared with work performed in a machine ; 
to find the moment of inertia of di^fly-whed, such that the fluctuation 
of speed (or difierence between the greatest and least speed) shall 

not exceed a given fraction of the mean speed f say — j. Let a be 

the mean angular velocity of the fly-wheel, I its required moment 
of inertia; then 

_ 971 AT A £ 

a* 

Ordinary values of m, from 30 to 60 nearly; of m ^, in British 
Measui*es, from about 1,000 to 2,000. 
Table of values of the ratio of the alternate excess and deficiency 

of energy, A E, to the whole work per revolution, / P rf «, in 
steam-engines of various kinds (Moriu). 

KON-EXPAKSIVE EXOINES. 

Length of connecting rod ^ 

Length of cnnk =8654 

AE-rJPd« = '105 'iiS '135 '132 
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Expansive CoNDKHBDra Ehgisb. 

Connecting rod = crank x 5. 

Fraction of stroke at) i i i i i r 

which steam is cut off J 3 4 5^7^ 

AE-s-JPcf* = -163 -173 -178 -184 -189 -191 

EXPAKSIYE NON-COHDKSBIKO EVGIHEaL 

Steam cat off at - _ _ _ 

aE^/PJ^ = '160 -186 -209 -232 

For doable cylinder expansive engines^ the valae of the ratio 
^ E -r 1 T d 8 may be taken as eqaal to that for single cylinder 

uon-expansiye engines. 

For tooU toothing at intervals^ snch as panching, slotting, and 
plate-catting machines, coining presses, ^., ^ E is nearly equal to 
the whole work performed at each operation. 

5. paiiiMc B«dUca.— The following rules apply to a body falling 
without sensible resistance from the air : — 

Rule XIL — To find the velocity acquired at the end of a given 
time; multiply the time by g. (See page 245.) 

BuLE XIIL — To find the height of fisdl in a given time; multiply 

the square of the time by - g. 

Rule XIV. — ^To find the height of fell corresponding (or "due") 
to a given velocity; divide the half-square of the velocity by g. 

Rule XY. — To find the velocity due to a given height ; multiply 
the height by 2 </, and extract the square root (or, in British 
Measures, multiply the squaro root of the height in feet by 8*025 
for the velocity in feet per second ; or, in French Measures, mul- 
tiply the square root of the height in metres by 4*429 for the 
vdodty in metres per second). 

Table of Heights due to Yelocities. 

Explanation of SywboiU. 

V = Yelocity in feet per second. 
A = Height in feet = 1;* -5- 64*4. 

This table is exact for latitude 54*^1, and near enough to ezadr 
ness for practical purposes in all parts of the earth's surface. 
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V 


A 


V 


h 


V 


h 


I . 


•01553 


27 


11-320 


54 


45-280 


t 

2 


-0621 1 


28 


12*174 


56 


48-695 


3 


•13975 


29 


13-059 


58 


52-235 


4 


•24845 


30 


13-975 


60 


55901 


5 


•38820 


31 


14-922 


62 


59-688 


6 


•55901 


32 


15-901 


64 


63-602 


7 


•76087 


322 


i6'i»o 


64-4 


64*400 


8 


•99379 


33 


16*910 


66 


67-640 


9 


1-2578 


^ 34 


17-950 


68 


71-800 


lO 


1-5528 


35 


19*022 


70 


76-087 


II 


18789 


36 


20-124 


72 


80-496 


12 


2-2360 


37 


21*257 


74 


85-029 


13 


2*6242 


38 


22*422 


76 


89-688 


14 


3-0435 


39 


23-618 


78 


94-472 


15 


34938 


40 


24-845 


80 


99-379 


i6 


3-9752 


41 


26-102 


82 


104-41 


17 


44876 


42 


27*391 


84 


109-56 


i8 


5031 1 


43 


28-711 


86 


114-84 


19 


56056 


44 


30*062 


88 


120-25 


20 


6'2II2 • 


45 


31-444 


90 


125-78 


21 


6-8478 


46 


32857 


92 


131-43 


22 


7-5155 


47 


34-301 


94 


137-20 


23 


82143 


48 


35-776 


96 


14310 


24 


8-9441 


49 


37-283 


98 


149-13 


25 


9-7050 


50 


38-820 


100 


155-28 


26 


10-497 


52 


41-987 







6. Reduced imeriiift. — BuLE XYI. — To reduce the inertia ot 
mass of a machine to the driving point. Multiply the weight oi 
each moving portion of the machine by the square of the ratio of 
its velocity to the velocity of the driving point; and add together 
the products ; the sum will be the weight of the mass which, if 
concentrated at the driving point, would require the same force to 
produce a given change in its speed, in the course of a given time 
or of a given motion^ that is required by the actual machine. 



Section Y. — Strength op Machineby. 

1. Shafts. — See pages 226, 227 for the relations between 
greatest twisting moment, greatest working stress, and diameter. 
As to the twisting moment for which provision is to be made, 
regard must be had not merely to the mean numimt transmitted by 
the shafts but to the greatest numierU, 
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Rule XVIL — Given, the horee-power of the prime mover that 
drives a shaft, and the number of revolutions per minute; to find 
the mean twigtmg moment: multiply the horse-power by 5250, and 
divide by the turns per minute; the quotient will be the mean 
twisting moment in foot-lb&; which, multiplied by 12, will give 
inch-lb& 

BuLE XVIIL — ^In a shaft driven by steam-power, given, the 
mean twisting moment; to find the greatest twisting moment; 

If the shaft is driven by a single engine, multiply by i -6 

If by a pair of engines, with cranks at right angles, 
multiply by I'l 

If by three engines, with cranks at angles of ^ 
revolution, multiply by 1*05 

2. B«dta. — Piston-rods are to be treated as stmts fixed at one 
end and jointed at the other. (See page 210, Rule XXTY.) 
Connecting-rods are to be treated as struts jointed at both endai 
(See page 209, Rule XXIII.) 

3. Anu aad Tcelh •f WhceU. — RuLE XIX. — To find the 

greatest bending moment on an cmn of a ivhed; divide the greatest 
twisting moment on the shaft by twice the number of arms. 

Rule XX. — To find the greatest pressure exerted on a tooth of 
a whed; divide the greatest twisting moment on the shaft by the 
perpendicular distance from the axis of the shaft to the line of 
action of the teeth. 

As to the thickness oftedh^ see page 233. 



Sbctiok YL — ^Muscular Power. 

1. Ocaend PriaciipiM. — Let P be the efibrt exerted by an 
animal in performing work, Y the velocity of the point at which 
the efibrt is applied, and T the time for which the effort P is 
exerted at the velocity Y during a day's work; so that P YT is 
equal, or proportional, to the work done per day. Let P^, Y^, T|, 
be the values of P, Y, and T, correspondUing to the greatest day's 
work of the animal, P^ Y^ T^. Then for values of P, Y, and T, 
not greatly deviating m>m P^, Y^ and T^, we have 

P Y T , 

80 that when any five of those quantities are given, the sixth may 
be found. 
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3*6 2^ nearly. 28^800 8 



Aoimala. Approximate Values of 

Lba. Ft per sec. MUes per hour. Seconda. HonnL 

Good average 1 ^^^ 

draught horsey J 
High-bred horse, 64 

Ox, 

Mule, 

Ass, 



64 


7*2 


5 


99 


28,800 


8 


20 


2-4 


1-6 


99 


28,800 


8 


60 


36 


2^ 


M 


28,800 


8 


30 


36 


2^ 


» 


28,800 


8 



2. Tables of Perfomaiice of Hones. — ^Explanation of Table 1. 1-^ 

P, effort in lbs.; V, velocity, feet per second; T, hours' work per 
day; P V, work per second, in foot-lbs.; 3,600 P V T, work per 
day, in foot-lbs. 

I. — WOBK OF A HOBSB AGAINST A KNOWN EeSISTANCE. 



Kind of Exertion. 




V 


T 


PV 


3,600PVT 


14! 


4 


4474 


6,444,000 


3'6 


8 


432 


12,441,600 


3*0 
6-5 


8 
4i 


300 

429 


8,640,000 
6,949,800 



1. Cantering and trotting, 

drawing a liffht rau- 
way carriage (uorongh- 
bred), 

2. Horse drawing cart or 

boat, walking (draught 
horse), 

3. Horse driving a gin or 

mill, walking, 

4. Ditto, trotting,' 



min. 22i 

mean 304 
max. 50 



120 

100 
66 



Explanation of Table II. : — ^L, net load drawn or carried hori- 
zontally, in lbs.; V, velocity, feet per second; T, hours* work per 
day; L V, lbs. conveyed horizontally one foot per second; 3,600 
L V T, lbs. conveyed horizontally one foot per day. 

II. — Perfobhance OF ▲ HoBSE m Transporung Loads 

Horizontally. 



Kind of Exertion. 


L 


v 


T 


LV 


t,«)OLVT 


5. Walking with cart, al- 
ways loaded. ••• 


1,500 
750 

1,500 


3*6 
7-2 

2*0 

3-6 
72 


10 
4i 

10 

10 
7 


5t4a> 
5,400 

3.000 

972 
1,296 


194,400,000 
87,480,000 

108,000,000 

34,992,000 
32,659,200 


fi Trottincr ditto. • 


7.. Walking with cart, go- 
ing loaded, returning 
empty; V = } of mean 

VfiloGl'fcV. ................... 


8. Carzying burden, walk- 


9- T)itto. trottinc 
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3. TabiM mf w«rfc •# Hmu— Explanation of Table L : — P, effort, 
Iba; V, velocity, feet per second; T, houM* work per day; P V, 
work, foot-lbs. per second; 3^600 P Y T, work, foot-lbs. per day. 

I. — Work of a Mak against Knowk Besistakces. 



Kind of EzertloiL 



1. BaioLDg his own weight up 

stair or ladder, 

2. Hauling np weighte with 

rope, and lowering the 
rope unloaded, 

3. Lifting weights by hand, 

4. Carrying weights up stairs, 

and returning unloaded,... 

5. Shovellinff up earth to a 

height of 5 n. din., 

6. Wheeling earth in barrow up 

slope of 1 in 12, 4 horiz. 
veloc 0*9 ft per sec., and 
returning unloaded, 

7. Pushing or pulling horizon- 

tally (capstan or oar), 

8. Turning a crank or winch,... 



9. Working pump, 
10. Hammering, 



p 


V 


T 


PV 


3»600Py T 


143 


05 


8 


725 


z,oSS,ooo 


4© 
44 


07s 
0-55 


6 
6 


30 
24-2 


648,000 

522,720 


143 


0-13 


6 


18-5 


399,600 


6 


13 


10 


7-8 


280,800 


132 


0-075 


10 


99 


356,4«> 


265 

^180 
(20-0 

13*2 

IS 


2X) 
50 

2 5 
14-4 


8 

• 

8 
7.niiTiR. 
10 
8? 


P 
025 

288 

33 

.? 


1,526,400 

• • • 

1,296^000 

•■• 
1,188,000 
480,000 



Explanation of Table II. : — ^L^ load conveyed horizontally, lbs. ; 
V, velocity, feet per second; T, hours* work per day; L V, lbs. 
conveyed horizontally one foot in a second; 3,600 L V T, lbs. con- 
veyed horizontally one foot in a day. 

II. — Performance op a Man in Transportzng Loads 

Horizontally. 



Kind of Exertioii. 



11. Walking unloaded, transport 

of own weieht, 

12. Wheeling load in 2-wheeled 

barrow: retumingunloaded, 

13. Ditto in 1-wh. barrow, ditto, 

14. Travelling with burden, 

15. Oarryinff burden, returning 

unloaded, 

18. Carrying burden for 30 se- 
conds only, 



140 

224 

132 

90 

140 

252 

126 

o 



I* 
I* 

2* 

IJ 

O 

117 
23-1 



10 

10 
10 

7 



.. . 
... 



LV 



700 

373 
220 

225 

223 
o 
1474-2 
o 



8,600LVT 



25,200^000 

13,428,000 
7,920,000 
5,670^000 

5,032,800 
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Til. — ^Day's Work of a Man bequired for various 
Operations. (Day = 10 Hours.) 

Shovelling eartL, one cubic yard, thrown not 

more than 5 feet vertically up; if dry, from '05 to '0625 

Ditto, wet mud, „ '06 to *o8 

Excavating earth with the pick, one cubic 

yard, „ '025 to '2 

Wheeling one cubic yard of earth in barrows 
from 100 to 120 feet horizontally; if up a 
slope at the same time, deduct 6 feet from 
horizontal distance for each foot of total 
rise, „ -OS to '0625 

Spreading and ramming earth in layers from 9 

to 18 inches deep, one cubic yard, „ '06 to '07 

Dressing slopes of cuttings, one square yard,.... about '008 

Soiling slopes, 6 inches thick, one square yard, „ 'ooS 

Making clay puddle, one cubic yard, „ *3 

Spreading do., do., „ '3 

Quarrying rock of moderate hardness with 

wedges, average „ '4 

Quarrying rock of moderate hardness by blast- 
ing,* average „ -45 

Jumping holes in rock, 100 cylindrical inches, 

granite, from i*o to '5 

Do. do. do., limestone, „ *2 to '15 

Driving mines in rock ; dimensions from 3^ feet 
X 3 J feet to 3^ feet x 5 feet; one foot for- 
ward, „ 2'o to 5*o 

Quarrying rock in tunnels, one cubic yard, „ 75 to 30 

Mixing mortar by hand, one cubic yard, 75 

Mixing concrete, wheeling and laying, one 

cubic yard, "3 

Loading barrows with stone, one cubic yard,... *o6 

Wheeling one cubic yard of stone 100 feet 
horizontally; if on an ascent, allow 6 feet 
of distance for each foot of rise, '045 

'CTnloading barrows of stone, one cubic yard,.... '03 

* Weight of rock loosened -f- weight of powder exploded = in small blasts 
from 7,000 to 14,000; average 10,000 : in great blasts from 4,500 to 13,000 ; 
averaee between 6,000 and 7»000. One lb. of blasting powder fills about 
30 cubic inches =: 38 cylindrical inches. If gun-cotton be used instead 
of powder, allow one-sixth of the weight and one-half of l^e space. 



1-125 
075 
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Stone MMonry, BreaUng Cntttng BrildlML lAbooreni' 

onecuWoyarS Stone. Stonei ^^mamg. y^^^ 

Diy stone, '64 — i-oo -50 

Coursed rubble, '64 — -90 -90 

Block-in-course, '90 I'S '90 -90 

Do. arching,.... '90 2*25 -90 '90 

Ashlar (soft (from 1*80 2-50 i*oo i-oo 

sandstone),.... (to... 2*50 600 2*00 200 

Breaking and stone cutting for harder stones; 
hard sandstone s soft sandstone x 2. 
hard limestone, marble, granite = soft sandstone x from 3 to 4. 

Facing ashlar (soft sandstone), per square foot— 
stroked, '05; droved, '07; polished, '1. 

Curved facing=flat X (l+ ^ J^x feet )' 

Taking down old masonry, one cubic yard, from *5 to *6. 

Bricklayer. labourer. ,Er^^ ' 

Brickwork, ordinary, one cubic yard, '6 '6 -2 

( various; 
„ arching and other curved work, '9 '9 ] depending 

( on centering. 

y, in tunnels, about double of similar brickwork above 

ground. 

BncUayer. Labourer. 

Laying and jointing drain pipes, one lineal 

ioot, per inch diameter, '0025 '0025 

Sinking cylinders for foundations under water with compressed air; 
per cubic yard of earth removed, '67 

Sawing timber, one square foot; 

Pine and fir, from '0045 to '005 

Ash, elm, beech, mahogany, „ '0065 to '007 

Oak, „ -0075 to '009 

Teak, *oi 

Shaping timber; pine -woods; one cubic 

footj from '04 to '135 

Planing pine woods, per square foot, '013 

Boring hole | diameter, one lineal foot, in 

pine-woods, *02 

Do. do., in hard leaf-woods, '03 

* Supply of air should be at the rate of 30 cubic feet per man per minuta 
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Oirpenter. lAboant, 

Erecting centres for arches; per 100 f from 1-55 75 

square feet area of soffit^ (to... 1*70 '80 

Men*8 timflL Boys* tbaoA 

Rivetting iron ships: from 100 to 140 ) r j. 

rivets,?. :..! J 3*o from I'o to 2-0 

Making plank roads; breadth planked,] 

8 feet; total breadth, 16 feet; 1 lineal > 1*0 

fbot^ j 
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PART VIII. 

HYDRAULICa 

SeCHON L^-EuLES RELATINa TO THE FlOW OP WaTEK. 

1. Hcadl •f iTater. — KuLE I. — ^To find the head of a particle of 
\7ater; add together the head of elevation, or height of the particle 
above some fixed or "datum" level, and the liead of pressurey or 
intensity of the pressure exerted by the particle expressed as the 
height of an equivalent column of water. (See pages 103, 115.) 

In stating the pressure, it is usual not to include the atmospheric 
pressure ; so that the absolute pressure exceeds the pressure stated 
in the common way by one atmosphere. When the absolute 
pressure is equal to the atmospheric pressure, the pressure stated 
in the common way is = ; when the absolute pressure falls short 
of the atmospheric pressure, their difference is called va^yuuTn. 

The atmospheric pressure, at the level of the sea, varies from 
about 32 to 35 feet of water, and diminishes nearly at the rate of 
1-1 00th part of itself for each 262 feet of elevation. 

In the rest of this Section, heads in feet of water will be denoted 
by A. 

2. Tolame and Tclocltr •€ Flow. — KuLE II. — To find the volume 

of flow of a stream; multiply the mean velocity by the sectional 
area 

Rule III. — ^To find the mean velocity of fiow of a stream; 
divide the volume of flow by the sectional area. 

Rule IV. — In a stream like a river channel the ratio of the 
mean velocity to the greatest velocity (which occurs at the middle 
of the stream) is nearly = 

greatest velocity -4- 7-71 feet per second 
greatest velocity + 10-28 feet per socoud' 

The least velodty, being that of the particles in contact with the 
bed, is nearly as much less than the mean velocity as the greatest 
velocity is greater than the mean. In ordinary currents the least, 
mean, and greatest velocities are nearly as 3 : 4 : 5 ; in very slow 
currents, as 2 : 3 : 4. 

In what follows, volume of flow in cubic feet per second will be 
denoted by Q; the mean velocity of a stream in feet j}er second 
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by r; and the iectional area in square feet by A; so that Q = 
V A. 

3. Relnltoii between Head and Teleclty. — KCJLE y^,'— Theoretical 

head, h, due to a given Telocity, v ; 

*"2^"6ri- (See Table, page 249.) 
HxTLE YL — TTieoretical velocity, v, due to a given head, h; 

V = 8-025 ^/X 

KuLE YII. — To find the loss of head, A, due to a given gain 
of velocity in a stream ; let the velocity of a>pproach (or original 
velocity, at the point where the greater head is) be the fraction, n, 
of the velocity of discharge; let v be the velocity of discharge; and 
let F be a, factor of resistance (as to which, see next Article); then 

A = (1 + F - w*) ^ 



64-4- 



Rule YIII. — ^To find the velocity of discharge due to a given 
loss of head; 



" = 8^25 ^y (i-^— ,). 



E.EHABX. — n is the ratio of the sectional area of the channel of 
discharge to that of the channel of approach. When those ai*eas 
are equal, as in an uniform channel or an Uniform pipe, 1 — n^ = 0; 
and llien the formulse become 



A = ?^;« = 8025y'|. 



4. Tact«n af Resiitfanee.— Yalues of F in Itules YII. and YIII. 
(1.) Friction of an orifice in a thin pUUe — 

F = 0-054. 

. (2.) Friction of mouthpieces, or entrances from reservoirs into 
pipes. — Straight cylindrical mouthpiece, perpendicular to side of 
reservoir — 

F = 0-505. 

The same mouthpiece making the angle fi with a perpendicular 
to the side of the reservoir — 

F = 0-505 + 0-303 sin $ + 0-226 sin^ 0. 

For a mouthpiece of the form of the "contracted vein" — ^that is, 

s 
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one somewhat bell-shaped — ^and so proportioned that if e? be its 
diameter on leaving the reservoir, then at a distance d -^ 2 from 
the side of the reservoir it contracts to the diameter '7854 d, — ^the 
resistance is insensible, and F nearly = 0. 

(3.) Friction at sudden erda/rge7nerU8. — Let A^ be the sectional 
area of a channel, in which a sluice, or slide valve, or some such 
object, produces a sudden contraction to the smaller area a, followed 
by a sudden enlargement to the area A2. Let v in the formulae of 
Bules VII. and VIIL stand for the velocity in the second enlarged 
paiii of the channel, so that Q =: A2 1'. Let 

„ = ^y^ (2.618- 1.618 

Then 

F = (n - 1)2 

(4.) Friction in pipes and conduits. — Let A be the sectional area 
of a channel ; b, its border — ^that is, the length of that part of its 
girth which is in contact with the water; I, the length of the 
channel, so that ^ 6 is the frictional surface; and for brevity's sake 
let A -7- b = m; then, for the friction between the water and the 
sides of the channel, 

•^ A m 
Let d= diameter of pipe in feet; then 

For iron pipes (not pitch-lined)*... /= 0*005 (l + tk^J; 

^ 3 .. J- i^^f^^A^ 0-000227 
For open conduits, /= 0-00741 + 

The quantity m = A -r- & is called the ^^hydroAdic mean depth"* 
of channel, and for cylindrical and square pipes running full is one- 
fowrth of the diameter. 

BuLE IX. — ^To find the dedivUy {() in an uniform channel of a 
given hydraulic mean depth (m); 

. h / ^ 
i m 2 g* 

In an open channel this is an actual slope of the sur&ce of the 
water. In a close pipe it may be a virtiuU dedimty, due wholly or 
X>artly to diminution of pressure. 

* In iron jtipes lined with smooth pitch the co-efficient of fiiction ia about , 
one-sixth piurt less than in nnlined DiDea. 
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(5.) For hemds in circular pipes, let d be the diameter of the 
pipe; f, the radius of curvature of its centre line at the bend; e, the 
angle through which it is bent; «-, two right angles; then 

F=« {0-131 + 1-847 (//}. 
(6.) For bends in rectangular pipes, 

F = | {0124 + 3104(0'}. 

(7.) For knees, or sharp turns in pipes, let e be the angle made 
by the two portions of the pipe at the knee; then 

F = 0-946 sin2 1 + 205 sin* ^. 

HuLE X. Summa/ry of losses of head, — When several successive 
causes of resistance occur in the course of one stream, the losses of 
head arising from them are to be added together; and this process 
may be extended to cases in which the velocity varies in different 
parts of the channel, in the following manner : — 

Let the final velocity, at the cross-section where the loss of head 
is required, be denoted by v; 

Let the ratios borne to that velocity by the velocities in 
other parts of the channel be known; n^ v being the "velocity of 
approach," tIj v the velocity in the first division of the channel, 
712 ^ ^^ ^^^ second, and so on; and let F^^be the sum of all the 
factors of resistance for the first division, Fg for the second, and so 
on ; then the loss of head will be 
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h = g^-^(l - «3 + F,nJ + Fgwl + &c.) 

5. C«iitractloii •f Stream — Co-efflcienta of Discharge. — ^KULE XI. — 

To find the effective area of an outlet; multiply the total area by a 
fraction called the co-efficient of coTUraction, 

For uniform streams there is no contraction, and the co-efficient 
is 1. 

Hemabe. — Sometimes it is impossible to distinguish between 
the e ffect of f riction in diminishing the velocity (expressed by 

1 -^ */ 1 + F), and that of contraction in diminishing the area of 
the stream. In such cases the ratio in which the actual discharge 
is less than the product of the theoretical velocity and the total 
area of the orifice is called the co-efficient ofeffltix or of discharge. 

The quantities given in the following statements* and tables are 
some of them real co-efficients of contraction, and some co-efficients 
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of discbarga In hydraulic formubs such co*effickints are usually 
denoted by the symbol c. 

1.) Sharp-edged circular crifices in flat plates; c = '618. 

^2.) Sharp-edged rectangular orifices in vertical flat phUes. — In 
this case the co-efficient is intended to be used in the following 
formula for the discharge in cubic feet per second, A being the 
area of the orifice in square feet; and h the head^ measured from 
the centre of the orifice to the level of still loater^ 

Q = S025 cJl JJ. 



Co-efficients of Dischabge fob Eectanoulab Offices. 
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0'20 
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•640 


-^59 


•685 
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• •• 


•617 


•640 


•659 


•682 


0-30 




•590 


•622 


•640 


^58 


•678 


040 




•600 


•626 


•639 


•<557 


•671 


050 




•605 


•628 


•638 


•65s 


•667 


060 


•57a 


•609 


•630 


•637 


•<554 


•664 


075 


•585 


•6ii 


•631 


•<535 


•^53 


•660 


I'OO 


•592 


•613 


•634 


•634 


•650 


•655 


I 50 


•598 


•616 


•632 


•632 


•^45 


•650 


2 '00 


•600 


•617 


•631 


•631 


'642 


•647 


250 


•602 


•617 


•631 


•630 


•640 


•643 


350 


•604 


•616 


•629 


"629 


•^37 


•638 


4 '00 


•605 


•615 


•627 


•627 


•632 


•627 


6-00 


•604 


•613 


•623 


•623 


•625 


•62 r 


8-00 


•602 


•611 


•619 


•619 


•618 


•616 


10 -GO 


•601 


•607 


•613 


•613 


•613 


•613 


1500 


•601 


•603 


•606 


•607 


•608 


•609 



(3.) Sharp-edged rectangidar notches in flat vertical weir hoards, 
— ^The area of the orifice is measured up to the level of stiU water 
in the pond behind the weir. 

Let h = breadth of the notch ; 

B = total breadth of the weir; then 



c = -57 + 
provided h is not less than £ -f- 4. 
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(4.) Sharp-^dged triangular or Y-shaped rtotcJies in flat vertical 
toeir boards (from experiments by Professor James Thomson). — 
Area measured up to the level of still water. 

Breadth of notch = depth X 2; c = -595; 
Breadth of notch = depth X 4; c = '620. 

(5.) Partially-contracted sharp-edged orifice. — (That is to say, an 
orifice towards part of the edge of which the water is guided in a 
direct course, owing to the border of the channel of approach partly 
coinciding with the edge of the orifice.) 

Lot c be the ordinary co-efficient; 

n, the fraction of the edge of the orifice which coincides with 

the border of the channel ; 
i/y the modified co-effieient; then 

c' = c + -09 n. 

(6.) Flat or round-topped vmv, area measured up to the level of 
still water — 

c =: '5 nearly, 

(7.) Sluice in a rectangular cliannd — 

vertical; «== 0*7; 

Inclined backwards to the horizon at 60®; c = 0*74; 
« „ „ at 45°; c = 0*8. 

(8.) Incomplete contraction, — Let A be the area of a pipe partially 
defied by a partition, having in it an orifice of the total area a 
and effective area ca', then 

•618 



& = 
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6. ]>lfl€harge from Mnlces and Notchetk — ^Let h be the breadth of 

the orifice ; Aq, the depth of its upper edge, and h^, that of its lower 
edge, below the level of still water in the pond ; e, the co-efficient 
of contraction (see last Article) ; Q, the discharge in cubic feet per 
second. 

E.ULE XII. — Rectangular orifice — 

Q = 8025 c X 1 6 (Ai* — hf\ = 535 ch(\i — hA. 

B.IJLE XIII. — Rectangular notch, with a still pond; A^ = 0; h, 
measured from the lower edge of the notch to the level of still 
water. 

Q = 8025 c X !& Ai* = 5'Z5chh^ = (305 + -535 g) h Ii^\ 
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535 c, 
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Table op Values op c and 5-35 c. 

0*9 08 07 o'6 0*5 o'4 o*3 0*25 

'66 '65 •64 •63 '62 '61 '60 '595 
3'53 348 342 3*37 332 3*26 321 318 

The cvhe of the sqtuire root of the head, h^, is easily computed as 
follows, by the aid of an ordinary table of squares and cubes : look 
in the column of squares for the nearest square to h^ ; then op- 
posite, in the column of cubes, will be an approximate value 

ofhji. 

KuLE XIV. — Eectcmgtdar notch, with current approouihing ii. — 
"When still water cannot be found, to measure the head h^ up to, 
let Vq denote the velocity of the current at the point up to which 
the head is measured, or velocity qf approctch : compute the height 
due to that velocity as follows : — 

hQ = vj ^ 64-4; 
then, 

Q = 5 35 c h {(/^ + Ao)* — Ao*}- 

BULE XV. — TriangidoT or Y-shaped notch, with a still pond; h^ 
measured from the apex of the triangle to the level of still water. 

Let a denote the ratio of the hodf-hreadth of the notch at any 
given level to the height above the apex, so that, for example, at 
the level of still water, the whole breadth of the notch is 2 a ^^; 

Q = 8-025 ex Y^^h^^" ^'^^ cahjY; 

and adopting the values of c already given, we have, 

for a = 1, Q = 2 54 A^*; for a = 2, Q == 53 h^i. 

For squares and fifth powers, see page 32. 

BuLE XVI. — Drowned orifices are those which are below the 
level of the water in the space into which the water flows as well 
as in that from which it flows. In such cases the difference of 
the levels of still water in those two spaces is the head to be used 
in computing the flow. 

BuLE XVII. — Drowned redangvlar 7iotch. — Let h^ and h^ be 
the heights of the still water above the lower edge of the notch at 
the up-stream and down-stream sides of the notch-board respec- 
tively ; 
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HuLE XVIII. — For weirs with hroadflat crests ^ drowned or nn- 
drowned, the formulaB are the same as for rectangular notches, 
except that the co-efl5cient c is about '5. 

E,uiiB XIX. — Cojnpniatixm of the dimensions of orifices, — Most 
of the preceding formulae can be used in an inverse form, in order 
to find the dimensions of orifices that are required to discharge 
given volumes of water per second. 

For example, if Bule XII. is applicable, the breadth of the 
orifice is given as follows :— 

& = Q -. 5-35 c Qi^ — ^0*). 

If Eule XIII. is applicable, the depth of the bottom of the 
notch below still water is given by the equation, 

Ai= {Q-r 5-35c6}i 

If Kule XY. is applicable, 

Ai= {Q4-4-28ca}i 

7. ]>iscliiirge •f Water-Pipes.— BuLE XX. — To find the loss of 

head, A, in a length, ly of a pipe of the uniform diameter, d (all 
dimensions in feet); 

BuLE XXI. — To compute the discharge of a given pipe; the data 
being h, I, and d, all in feet. 

For a rough approximation, we may take an average value for 4 f. 
The value commonly assumed is -0258. This gives for the approxi- 
mate velocity 

«; = 8-025 A /li^ =50 \/ ^i^; 

or, a Tnean proportioned between the diameter and the loss of Tiead 
in 2,500 feet of length. When greater precision is required, 
make 

Then the discharge is gi?en by the formula, 

Q = '7854:vd^. 
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Rule XXII. — To find {infect) the diameter do/ a pipe, so thai it 
ehall ddiver Q cubic feet of waJter per second^ with a loss of head at 
the rate of h. feet in each length ofXfeeL 

Assame, as a first approximation, 4/^s -0258. This gives, as a 
first approximation to the diameter. 

Compute a second approximation, 

4r=0O2(Uj4,); 

if this is = 4/^, <f is the true diameter; if not, a corrected diameter 
is to be calculated as follows : — 

rf=d'.(f )i = <f.(i + ^^) nearly. 

In the preceding formul» the pipe is supposed to be free from 
all curves and bends so sharp as to produce appreciable resistance. 
Should such obstructions occur in its course, they may be allowed 
for in the following manner : — Having first computed the diameter 
of the pipe as for a straight course, calculate the additional loss of 
head due to curves by the proper formula (Article 4, page 259) ; 
let lb denote that additional loss of head; then make a further cor- 
rection of the diameter of the pipe, by increasing it in the ratio of 

By a similar process an allowance may be made for the loss of 
head on first entering the pipe from the reservoir, viz. : — 

(1 + F) t>2 ^ 64*4 ; F being the factor of friction of the mouthpiece. 

The preceding rules are for clean iron pipes. To allow for 
incrustation, add (ms inch to the diameter of all pipes. 

8. DUcharge and DimeutoM of ChaaiMla.— BULB XXIIL — To 

find the declivity, t, of the upper surface of the water in a channel 
of the hydraulic mean depth m; 



l m 64*4 V V / 64-4 



m 



Rule XXIV. — To compute the discharge of a given stream, the 
data being t, m, and the sectional area A. Assume an approadmate 
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value for the oo-efficient of friction, such as/' =s *007565; then 
ihQJvrfjt (ipproximation to the velocity is 



«• = 8025^;g^ = V8512»«» = 92-26 Ji m; 

or, a m€an proportional between the hydravlie mecm depth and the 
faU in 8,512 feet, A first approanmation to the discluirge is 
Q'=t/A. 

These fii'st approximations are in many cases sufficiently accurate. 
To obtain second approximations, compute a corrected value of / 
according to the expression in brackets in Kule XXIII ; should 
it agree nearly or exactly with /', the first assumed value, it is 
unnecessary to proceed further; shoiild it not so agree, correct the 
values of the velocity and discharge by multiplying each of them 

by the factor, | -^q^- 

Rule XXV. — To determine the dimensums of am, uniform channel 
which shall discharge Q cubic feet of water per secand with the declivity 
L Assume a figure for the intended channel, so that the propor- 
tions of all its dimensions to each other, and to the hydraulic mean 
depth m, may be fixed. This will fix also ijhe proportion A -r- m^ 
of the sectional area to the square of the hydraiilic mean depth, 
which will be known although those areas are still unknown ; let 
it be denoted by n. 

Compute first approximations to the hydraulic mean depth and 
velocity as follows : — 

Q 

m .- - 



" \8,5l2n^iJ > nm'^' 



from these data, by means of Rule XXIII., compute an approoci- 
mate declivity, i'. If this agrees exactly or very nearly with the 
given declivity, i, the first approximation to the hydraulic mean 
depth is sufficient; if not, a corrected hydraiUie mean depth is to be 
found by the following formula : — 



m 



= »■ a + ri)- 



From the hydraulic mean depth all the dimensions of the channel 
are to be deduced, according to the figure assumed for it. 

9. Swell and Backwater Produced by a Weir. — When a weir or 

dam is erected aci*oss a river, to calculate the height, h^, in feet, at 
which the water in the pond, close behind the weir, will stand 
above its crest; Q being the discharge in cubic feet per second^ and 
b the breadth of the weir in feet; 
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Rule XXYL — Weir not drovmed, with a flat or sliglitly rounded 
crest — 



*i = (7-52)* nearly. 



Rule XXTII. — Wdr droumed, — ^Let Ag be the height of the 
water in front of the weir above its crest 

First approximalion; h\ = Ag + ( (^^) ^• 

Second approximation; A\ = h\ — Ag ( 1 — 7 . rr- "T" )• 

Rule XXVIII. — ^In a channel of uniform breadth and de- 
clivity — 

Let i denote the rate of inclination of the bottom of the stream, 
which is also the rate of inclination of its sm-face before being 
altered by the weir. 

Let \ be the natural depth of the stream, before the erection of 
the weir. 

Let i^ be the depth as altered, close behind the weir. 

Let ^2 be any other depth in the backuxUer, or altered part of tlie 
stream. 

It is required to find 05, the distance from the weir in a direction 
up the stream at which the altered depth ^2 "^^ be found. 

Denote the ratio in which the depth is altered at any point by 
2-r- Jq = r; and let ^ denote the folio wiog function of that ratio: — 

* = /;3^i = Bhyp.iog.|i + ^j:^} 

1 , 2r+l 111, 

Compute the values, ^^ and ^j, of this function, corresponding to 
the ratios r^ = ^^ -r- \ and rg = Jg -^ ^o- Then 

«-^^ + (r-264)(^-»2)v 

The following table gives some values of ^ : — 



r 9 

I'O 00 

i-i -680 

1*2 -480 

i'3 ST^J 

14 304 

1-5 -255 

1-6 '218 

17 '189 



r tp 

1-8 -166 

19 147 

2*0 '132 

2*2 , -107 

2'4 -089 

2*6 » -076 

2-8 -065 

3*0 '056 
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10. Tine •f Eniptsriiig a KcnerT^lr. — KULE XXIX. — Let Q be 

the rate of discharge at the outlet^ supposing the reservoir kept 
constantly full, "W, the whola volume of water in it. Then 

Time in SecondB s 

2 W 
For a vertical-sided reservoir of uniform depth, -j^ 

For a wedge-shaped reservoir (triangular vertical ) 4 W 
sections; maximum depth of the sections uniform), [ 3^ 

For a pyramidal reservoir (base at the surface, apex ) 6 W 
at the outlet), J ^q" 

KuLE XXX. — To find the time required to equalize the water' 
level in two adjoining basins with vei-tical sides; calculate the time 
required to empty a vertical-sided reservoir containing a volume of 
water equal to the volume transferred, and of a depth equal to the 
greatest difference of water-level between the basins. 

11. Cascade from a Welr-Crest.— RULE XXXI. — To find the 

horizontal distance to which the cascade of water from a weir- 
crest will shoot in the course of a given fall below that crest; take 
once-and-a-third of a mean proportional between that fall and the 
height from the weir-crest to still water in the pond. 

12. Baln-Fall. 

Inches Cubic feet Gallons CnMc feet Gallons Inches 

Depth of- on on on a on a Depth of 

liain-falL an acre. an acre. square mile. square mile Baiu-falL 

1 3,630 22,635 2,323,200 14,486,314 T 

2 7,260 45,270 4,646,400 28,972,627 2 

3 10,890 67,905 6,969,600 43,458,941 3 

4 14,520 90>539 9*292,800 57>945>254 4 

5 18,150 113,174 11,616,000 72,431,568 5 

6 21,780 135,809 13,939,200 86,917,882 6 

7 25,410 158,444 16,262,400 101,404,195 7 

8 29,040 181,079 18,585,600 115,890,509 8 

9 32,670 203,714 20,908,800 130,376,822 9 
io 36,300 226,349* 23,232,000 144,863,136 10 

For the conversion of cubic feet into gallons, and gallons into 
cubic feet, see page 109. 

An inch of rain per annum on an acre is roughlv equivalent to 
ten cubic feet per day. 

An inch of rain per annum on a squa/re mile is roughly equi- 
valent \^ forty thousand gallons per day. 

Annual depth of rain-fall in different countries and seasons 
ranges from to 150 inches. 

In Britain, different seasons and districts, 15 to 100 and upwards. 

Katio of available to total rain-fall on gathering-grounds ; steep 
impervious rock^ from 1*0 to 0*8; moorland and hilly pasture^ from 



99 

79 n 

99 99 

99 99 
99 99 
99 99 
99 
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'8 to '6; ctdtivated land, from '5 to '4, and Bometunes less; 
chalk, 0. 

Greatest depths of rain in short periods : one hour, 1 inch; fimr 
hours, 2 inches; twentj-four hours, 5 inche& 

13. muMUtf •r Bed •r ScMaai.— Greatest velocities of the current 
dose to the bed, consistent with the stability of various materials: — 

Soft claj, o'25 foot per second. 

Fine sand, ...0-50 „ 

Coarse sand, and gravel as large as peas, 070 

Gravel as large as French beans, i-oo 

Gravel 1 inch in diameter, 2*25 feet per second. 

Pebbles 1} inch diameter, 3-33 

Heavy shingle, 4-00 

Soft rock, brick, earthenware, 4*50 

Bock, various kinds, , < ^ " j 

' ' ( and upwards. 

14. mtwtmpM •r Wster-pipcii^— Rule XXXIL— To find the least 
proper iidcknees of metal for a cast-iron pipe of a given bore, to 
bear a given pressure from within. 

First; divide the greatest pressure, in feet of water (see page 
103) by 12,000, and nkultiply the bore or internal diameter of the 
pipe by the quotient : seconcUy ; take a mean proportional between 
the internal diameter and one/orty-eightli of an inch: the greater 
of those two quantities will be the required thickness. 

Rule XXXIII. — To find the greatest working pressure^ in feet of 
water, which a cast-iron pipe will safely bear; multiply the thick- 
ness by 12,000, and divide by the intersal diameter. 

The bursting pressure should be six tines the working pressure. 

As to the weight of pipes, in lbs, to tJiefoot, see pages 149 and 153. 

Rule XXXIV. — For the weight of one foot of a cast-iron pipe, 
in fractions of a ton ; multiply the difference of the squares of the 
outside and inside diameters by -00108. 

Xfa/uAiet on a 9 feet length of pipe adds between one-tenth and 
one-twentieth to the weight. GaUona r head 

15. Dcntand r«r W«ter Im T^waa. per day. 

Used for domestic purposes (liberal supply), 15 

Washing streets, extinguishing fires, supplying foun- 
tains <fec., 3 

Trade and manufactures, 7 

Total usefully consumed, 25 

Waste, under careful regulation, 2^ 

Total, under careful regulation, 27^ 

Additional waste, in some cases^ 22^ 

Total in some cases, 50 
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Greatest hourly demand s= from 2 to 2J- x ayerage hourly 
demand. 

Demand as to head, 20 feet above house-tops (after deducting 
loss of head due to velocity and friction in pipes). 

Section II. — Eules relating to Htbraulic Prime Movers. 

1. Oeiienii Bales. — B.ULE I. — To calculate the total or gross 
power of a fall of water. To the actual headj or depth of fall (from 
the surface of the head-race to the surface of the tail-race), add the 
height due to the velocity of the water in the head-race. (As to 
heights due tp velocities, see pages 248, 249.) Multiply the sum 
(or total head) by the volume of the flow of water per second, and 
by the heaviness of water (62*4 lbs. to the cubic foot). The pro- 
duct will be the gross power in foot-lbs. per second. This divided 
by 550 gives the gross horse-power. 

Kemark. — The dimensions of the head-race and tail-race are to 
be fixed by means of the principles of the preceding section, pages 
264, 2^5. 

Rule II. — To estimate the rvet or effective power of a fall of water ; 
multiply the giK)ss power by the probable efficiency of the kind of 
prime mover to be used. That efficiency is a fraction ranging, 

for water-pressure engines, from 0*65 to 0*75 ; 

for overshot and breast wheels, from 0*7 to 0*8; 

for undershot wheels, from 0*4 to 0*6; 

for a drowned wheel, f of the efficiency of the same wheel 

not drowned; 
for turbines, from 0'6 to 0*8. 

BuLE IIL — The velocity oj greatest effdency for a water-wheel 
IS as follows : — 

Case I. — For wheels which act wholly by impulse, or partly by 
impulse and partly by weight, from 0-4 to 0*6 (or on an average 
one-half) of the velocity of the feed- water ; 

Case II. — For turbines acting by pressure, the velocity due to 
half the head (that is, 0*7 of the velocity due to the whole head). 

In Cases I. and IL the surface-velocity is measured at the place 
where the wheel receives the water. 

Case III. — For re-action wheels, the velocity measured at the 
outlets to be that due to the whole head. 

Bemark. — If the whole head is used to impel the feed- water (as 
in wheels which act wholly by impulse). Case I. of Bule III. de- 
termines the best speed for the wheel. If the wheel acts partly 
by impulse and partly by weight, and its velocity is given. Case I. 
determines how much of the head is to be used in giving velocity to 
the feed-water — viz., the head due to from 2 j to 1§, or an average, 
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to douple of the mean speed of the wheel. For relations between 
Lead and Telocity, see page 249. 

2. Orcnhoc and Br«saat Wheeiib — Rttle IY. — Diameter of&vershof 
whed = fell — head required for velocity of feed. ' Velocity of feed 
= 2 X velocity of outer surface of wheel. Ordinary velocity of 
outer surface of wheel = 6 feet per second; velocity of feed- water, 
12 feet per second; head for that velocity, about 2*25 feet. 

A breast wheel may be made of any greater diameter. 

KuLE V. — To find the dear breadth (l) between the crowns (or 
fiat rims of the wheel), called also the length of the buckets. 

Let Q be the volume of water, in cubic feet per second; u, the 
surface velocity of the wheel, in feet per second; r, the outside 
radius of the wheel; 6, the depth of shrouding ( = from 1 to 1*75 
foot); (all measurements in feet). 1%e buckets are supposed to 
run two-thirds full. Then, 

3Q 



I 
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KuLE VL — Other dimensions of btickets. Distance between 
their bottoms, measured on the sole (or inner circumference) = b. 
Opening between lip of bucket and front of the next bucket above 
— ^when the slope of the circumference of the wheel at the point 

where the water is fed to it is between 0° and 2i% t; for steeper 

slopes, 2 ^ sin. slope. 

Rule VII. — ^To find the best positions for the guide-blades, 
between which the water flows on to the wheeL 

In fig. 103 let A £ be a section of a bucket, B its lip. Draw 

^B the straight line B D H a tangent to the cir- 
cumference of the wheel ; and make B D ^ t^, 

the surface velocity; and B £[ = 2 1£. Draw 
D L parallel to a tangent to the lip of the 
bucket; draw H C perpendicular to B H, 
cutting D L in C; join B C. 

Then B represents the best velocity for 
the supply of water to the wheel; and the 
middle outlet between the series of guide- 
blades is to be placed at the depth below the 
topwater level in the penstock due to that 
velocity. 

Also, .^^ H B C will be the proper angle 
for the guide-blades of the middle outlet to 
make with the tangents to the circumference 
of the wheel at the points where they meet 
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it, in order that the water may glide into the bucket without 
collision. The co-efficient of contraction for orifices between guide- 
blades is about c = 0-75; consequently the total area of the out- 
lets required for the flow Q, is given approximately by the 

formula, A r= - — ; and this is to be provided by having a 

sufficient number of outlets before and behind the middle outlet. 

The positions of the guide-blades for these outlets are found as 
follows : — 

Take the depth of the narrowest part of each outlet below the 
top water level of the penstock; compute the velocity due to that 

depth; from B lay off distances, such as BK, BL, representiog 
those velocities, so as to find a series of points, such as K, L, in the 
line D C L; then will .^^HBK, ^^r^HBL, be respectively the 
proper inclinations to tangents to the wheel, for the guide-blades 

of outlets where the velocities are B K, B L; and so on for other 
guide-blade& 

The formula gives a total area of outlet rather greater than is 
absolutely necessary; but this is the best side to err on, as any 
excess of outlet can be closed by the regulator. 

Besides computing the area of the outlets between the guide- 
blades, the height of the topwater above the regulator, necessary to 
give the required flow Q, treating the regulator as an overfall with 
the co-efficient of contraction 0*7, should be computed by the for- 
mula h! = f r> j )', and the depth of the upper edge of the 

lowest guide-blade below the topwater level should be made not 
less than the height so found. 

3. Cndershot ITheela (Poncdete*).— EuLE YIII. — {Umol dim&nr 

sions of wheel and sluice,) 
Diameter = fall x 2, nearly. 
(The faU is measured from 
the topwater of the pen- 
stock to the centre of its 
outlet.) Depth of shrouding 
= i fall. Greatest depth of 
opening of sluice = f fall. 
To calculate breadth (b) of 
opening of sluice; let Q be 
the volume of water, in cubic 
feet per second; A, the fall 

in feet; then b = -r-r^* 




Fig. 104. 



KuLB IX,— To design the wheel-race. In fig. 104 draw H F G a 
tangent to the wheel, with a declivity of one in ten. 
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At the height ^ ahoye H F G, draw KL to represent the 

upper surface of the stream, meeting the drcnmference of the 
wheel at the point L. Then make the section of the bottom of 
the wheel-race from G to F an arc of a circle, eqnal to G L, and 
of the same radius; that is, the outside radius of the wheeL 

From G to E the wheel-race is formed so as to clear the wheel 
bj about 0'4 inch. 

BuLE X. — ^To design the floats: — 

In fig. 105 draw B C to represent the direction and velocity of 

the stream of feed-water A, and B N 
a tangent to the circumference of 
the wheel at the centre of that 
stream; and from O let fall ON 
perpendicular to B N. Make B D 

=r ^ of BN, and join CD. Thb 

line will be parallel to a tangent to 
the lip E of the float The rest of 
the float may be made of the figure 
of a circular arc, touching a radius 

of the wheel at its inner edge. From two to three floats in the 

length of the arc L G (fig. 103) are in general a sufficient 

number. 

The efficiency of this wheel is about *6 when not drowned, and 

•48 when drowned. 

4. Vndcrshal Wheel ta •■ Opea Cmrrait.— Wheels of this class 

have their floats usually plane and radial, and fixed at distances 
apart equal to their depth. 

KuLE XI — The following is the useful work per second e^ 
such a wheel; v being the velocity of the current; u, that of the 
centre of a float; A, the area of a float, in square feet; and D, 
the weight of a cubic foot of water ; — 

9 

The velocityof the centres of the floats for the greatest efficiency 
is half the velocity of the current; and the efficiency at that speed 
is 0-4. 

5. Tarbines. — ^KtTLE XIL — For the vdociiy of the /eed-toaier; 
in impulse turbines take the velocity pi*oduced by the whole head; 
in pressure turbines, the velocity produced by half the head. 

BuLE XIIL — To find the proper obliquity ofths guide-hladea to 
the receiving surface oi the wheel; divide the volume of feed- 
water per second by the area of the receiving surface of the wheel 
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(diminislied by -^ for contraction)^ and by the velocity of feed; the 
quotient will be the sine of the required angle. 

Rule XIV. — ^To find the proper obliquity/ of the floats to the 
receiving surface of the wheel ; in impulse turbines proceed as in 
Itnle X., page 272; in pressure turbines make the receiving ends 
of the floats perpendicular to the receiving suiface of the whe^L 

KuLE XV. — (In this rule the discharging surface of. the wheel 
is supposed to be, as it ought, equal to the receiving surface.) To 
find the obliquity of the floats to the discha/rging surface of the 
wheel. In impulse turbines take the tangent of the obliquity of 
the receiving ends of the floats ; in pressure turbines take the tan- 
gent of the obliquity of the guide-blades. Multiply the tangent so 
found by the radius of the receiving surface of the wheel, and 
divide the product by the radius of the discharging surface. The 
quotient will be the tangent of the obliquity of the discharging 
ends of the floats. 

6. Be-acdon wheeisr— KuLE XVI. — To find the proper total 
area of orifices for a re-action wheel; divide the volume of water 
per second by the velocity due to twice the head. 

7. Sydniuiic Ram. — The following proportions for hydraulic 
rams have been found to answer in practice : — 

Let h be the height above the pond to which a poi-tion of the 
water is to be raised ; 

H, the height of topwater in the pond above the outlet of the 
waste clack; 12^, c_ 

L, the length of the supply pipe from the 
pond to the waste clack; 

Df its diameter; then 

H = ^^^;L = 2-8H = 0-14A;D = g=^. 

Let Q be the whole supply of water, in cubic 
feet per second, of which q is lifted to the height 
h above the pond, and Q — q runs to waste at the 
depth H below the pond. Then the efficiency of 
the ram has been found by experience to have 
the following average value : — 

qh 2 . 

^ = 3, nearly. 

8. iFindmilU*— Smeaton's proportions for sails. (See £g. 106.) 

AB = |aC;BC = |aC; BDx=CE = iAC; CF=^AC. 

Angles o/u)ecUher, or obliquities of the sail to the plane of rota- 
tion, at different distances from the axis of the wind-shaft; 

X 
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Distance in sixthB of ABy... 123456 

(first bar) (tip) 

Angle of weather, 18^ 19* 18** 16** 12'J 7^ 

Best speed for tips of sails, 2*6 x speed of wind. 

Effective povDer, in foot-lbs. per second = 0*00034 Av'; where 
A = area of circle swept by sails, in square feet, and v = velocity 
of wind, in feet per second. 

Section IIL — ^Bules belathto to Fbopuuion of Vessels. 



1. BesiMaace of Teaaeii. — ^For relations between speed in feet 
per second and speed in knots, see pages 102, 114. 

BuLE I. — Given, the intended greatest speed of a ship in knots; 
to find the least length of the afier-hody necessary, in order that 
the resistance may not increase faster than the square of the 
speed; take three-eighths of the square of the speed in knots for the 
length in feet (Scott Bussell*s Bule). 

To fulfil the same condition, the fore-body shoidd not be shorter 
than the length for the after-body given by the preceding rule, and 
may with advantage be 1^ times as long. 

Bule II. — To find the greatest speed in knots suited to a given 
length of after-body in feet; take the square root of 2| times that 
length. 

Bule III. — ^When the speed does not exceed the limit given by 
Bule II., to find the probable resistance in lbs.; measure the 
mean immersed girth of the ship on her body plan ; multiply it 
by her length on the water-line; then multiply by 1 + 4 (mean 
square of sines of angles of obliquity of stream-lines). The product 
is called the augmented surface. Then multiply the augmented 
surface in square feet by the square of the speed in knots, and by 
a constant co-efficient; the product will be the probable resistance 
in lbs. (See also page 303). 

Co-efficient for clean painted iron vessels, "Ol ; 

„ for clean coppered vessels, -009 to -008; 

„ for moderately rough iron vessels, 'Oil and upwards. 

Bule III. a. — For an approximate value of the resistance in 
well-designed steamers, with clean painted bottoms; multiply the 
square of the speed in knots by the square of the cube-root of the 
displacement in tons. For different types of steamers the resist- 
ance ranges from -8 to 1*5 of that given by the preceding calcula- 
tion. 

Bule IV. — To estimate the net or effective h^orse-pauoer expended 
in propelling the vessel ; multiply the resistance by the speed in 
knots, and .divide the product by 326. 
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KuLE IV. A. — ^To estimate the gross or indicated Iiorse-pawer re- 
quired; divide the same product by 326, and by the combined 
efficiency of engine and propeller. In ordinary cases that efficiency 
is from *6 to '625 — average, say *613 ; therefore in such cases the 
preceding product is to be divided by 200. 

2. Tiurmt of Propeiicn. — HuLE Y. — ^To calculate the thrust of a 
propelling instrument (jet, paddle, or screw) in lbs.; multiply 
together the transverse sectional area, in square feet, of the stream 
driven astern by the propeller; the speed of that stream, relatively/ 
to the ship, in knots; the real dip, or part of that speed which is 
impressed on that stream by the propeller, also in knots; and the 
constant 5*66 for sea-water, or 5-5 for fresh water. 

KuLE VI. — Given, the product of the velocity of advance, in knots, 
of a screw propeller as if through a solid (= pitch in knots x re- 
volutions j>er hour) into the slip of that screw relatively to the 
water in which it works (also in knots); required the product of 
speed and slip of the stream from the screw, for use in Rule V. 

*o mtch of screi!^ .— 

Multiply the first product by 1 — -I- r, . (This is a good 

circumference ^ ° 

rough approximation when the circumference is between 1^ and 3^ 
times the pitch.) 

Hemark. — ^The speed of the stream driven astern by feathering 
paddles is sensibly equal to that of their centres; by radial paddles, 
to that of their outer edges. The gross power required to drive a 
i-adial paddle-wheel is greater than that required to drive a feather- 
ing paddle-wheel of equal thrust, in the ratio of 

' outer radius of wheel \ . 

^height of axis above watery' ^* 

3. OKoment of Soil. — The centre of hiu)yancy of a ship is the 
centre of her immersed volume (found by the Rule of page 84, 
Article 7). 

Rule VII. — To find the height of a ship's metacentre above her 
centre of gravity. Divide the length of her load water-line into 
equal intervals, at which measure the half-hreodUhs at the load 
water-line. Cube each of those half-breadths; and regard the 
cubes as the ordinates of a plane figure having the length of the 
load water-line as its base. Find the area of that figure by 
Simpson's Rule (page 64.) Divide two-thirds of that area by the 
volume of water displaced by the ship. The quotient will be the 
height of the metacentre above the centre ofhuoyomcy; from which 
subtracting the height of the centre of gravity above the centre of 
buoyancy, there remains the height required, called the w/^tacenJt/tio 
height. 

Rule VIII. — To find the moment of sail that a ship can bear; 
multiply together the metacentric height in feet, the displace- 



vc 



276 STDKATTUCS. 

ment in tons, the fiujtor 2240 (to reduce the tens to potmds), and 
the Bine of the intended angle <^ steady had; the product inll be 
the required moment in foot-lbs. 

Ordinary values of sine of angle of steady heel: slupfl, *07; 
schooners and cutters for trade or war, '105; yachts, *157. 

Rule IX. — To calculate the moment of a given set of sails. 
Multiply their area by the estimated intensity of pressure of the 
wind, and the product by the height of the centre of ^ori of the 
sails above the caUre o/lcUeral reeietance of the vesseL 

Remarks. — Satis are adapted to a vessel by so adjusting their sizft 
and figure that the results of Rule YIIL and Rule IX. are equal 
The pressure of wind to which the extent ef canvass called '*all 
plain sail*' is usually adapted, is about 1 lb. on the square foot. 

The centre of effort above mentioned is the -common centre of 
magnitude of the sails, found as in pages 83, 84. 

The centre of lateral reeietanee is at a depth below the surfiice 
of the water nearly equal to half the vesselVi draught of water 
amidships. 

The equivalent triangle has for its hose a line which usually ex- 
tends horizontally from the dew of the driver (or aftermost lower 
comer of the aftermost sail) to a point directly below the tack of 
the jib; — ^and for its height, three times the height of the centre of 
effort above its base (called the haee of sail). 

Rule IX a. — Oiven, the «noment of sail, M, as found by Rule 

YIII., and the base of sail, b; to find the height, Zy of the centre 

of effort above the base of sail ; also the area of sail Let h be the 

height of the base of sail above the 'centre ef lateral resistance; 

^, //2 M A«\ A , , . ^ 

then «= A/ I o •"!"♦• J J — Hiwidarea = IJ «6. 

Examples of length of base of sail -s- length of vessel on load 
water-line. Fore and afb rigged vessels, 1*9 to 1*6; square rigged 
vessels, 1*6 to 1*35; full-powered steamers, 1*0 to 0*5 (in steamers 
the base of sail usuaUy has a gap in it over the engines and 
boilers). 

Rule X. — ^Direct pressure of wind in lbs. on the square foot 

, (velocity of wind in knots)2 
iieariy - jgg 

(See Shipbuilding, Theoretical and Fracticdl, hj Watts, Rankine, 
Kapier, and Barnes.) 
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PART IX. 

HEAT AND THE STEAM ENGINE 
Section I. — Bules relating to the Mechanical Action of 

HeAT^ especially THBOUGH StEAH. 



1. Thcmodynaniica. — As to measures of temperature, and of 
quantities of heat, see pages 105/106. 

KuLE I. — ^To find the quantity of heat required to produce a 
^ven rise of temperature in a given weight of a given substance; 
multiply together the rise oi temperature, the weight, and the 
specific heat of the substance. (See Table, pages 278, 279.) 

ErULE II. — To conTert quantities of heat into eqidvcUerU qtumbUiea 
of work: — 

Moltlplybj 

British Fahrenheit-units into foot-lbs. , 772; 

British Centigrade-units into foot-lbs., 1^390 j 

French units into kilogrammetres, 424; 

British units of evaporation into foot-lbs., 745,800; 

French units of evaporation into kilogrammetres, 227,300. 

The first three numbers are values of the dynamical eqidvalerU 
o/hecU, often called "Joule's Equivalent," and denoted by J. 

BuLE III. — To convert temperatures on the ordinary scales into 
absolute temperatures. (See page 105) : — 

In Fahrenheit's degrees, add 46i*''2 

In Centigrade degrees, „ 274*0 

In B^aumur's degrees, „ 219*2 

Fahr. Cent B^il 

Absolute temperature of melting ice, 493°'2 274** 2i9°*2 

Atmospheric boiling point of water, 673* 2 374 299 '2 

(See Table, pages 280, 281, 282.) 

Bulb IV. — To find the efficiency of a perfect heat engine, working 
between given limits of temperature ; divide the difierence or ra/nge 
between the limits of temperature, by the higher limit of ctbaoltUe 
temperabwre, 

Bekabk. — ^The efficiency thus found is never fully realized by 
any actual heat-engine, but is approximated to in the course of 
improvement. 
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TlBLE OF THE ELABnCTIT OF A PERFECT Ga& 



XXPLAKATIOir 09 8T1CBOL8. 

T. — ^Temperature, measured &om the ordinary zero. 

t — ^Absolute temperature, measured from the absolute zero. 

P. — Pressure of a perfect gas in pounds avoirdupois on the square 
foot 

Y. — ^Volume of one pound avoirdupois in cubic feet. 

PY. — ^Product of these quantities at any given temperature. 

PoYq. — ^Yalue of that product for the temperature of melting ice. 



Centignde. Fahrenheit ^^ 

T « T * P^Vo 



o 



-30° 244** -22** 439-2 08905 

-25 249 -13 448-2 0-9088 

-20 254 — 4 457-2 09270 

-15 259 + 5 4662 09453 

-10 264 14 4752 0-9635 

— 5 269 23 484-2 0-9818 

o 274 32 493*3 i-oooo 

4- 5 279 41 502*2 1-0182 

10 284 50 511-2 1*0365 

15 289 59 520-2 1-0547 

20 294 68 529-2 1-0730 

25 299 77 538-2 1-0912 

30 304 86 547-2 i-iopS 

35 309 95 55^'a I -1 27 7 

40 314 104 5652 1-1460 

45 319 113 574-3 1-1643 

50 324 122 583-2 1-1825 

55 329 131 592-2 1-2007 

60 334 140 601-2 1*2190 

65 339 149 610-2 1-2373 

70 344 158 619-2 1-2555 

75 349 167 628-2 1*2738 

80 354 176 637-2 1-2920 

85 359 185 646-2 1-3103 

90 364 X94 655*2 1-3285 



ELAsncrnr of a ferfect oAa 281 

Centigradei Fahrenheit. ^"^ 

T « T «^ f^ 

loo 374 212 673-2 ♦... 1-3650 

105 379 22X 682-2 i'383i» 

no 384 230 691-2 I '4015 

115 389 239 700-2 1 4197 

120 394 248 709-2 1*4380 

125 399 257 718-a 1-4562 

130 404 266 727-2 1*4744 

135 409 275 736'3 14927 

140 414 284 745*2 1-5109 

145 419 293 754-2 1-5292 

150 424 302 763-2 1-5474 

155 429 3" 772-2 i.5«57 

160 434 320 781-2 1*5^39 

^65 439 329 790-2 i-6o22 

170 444 338 799-2 16204 

17s 449 347 808-2 1-6387 

180 454 356 817-2 1-6569 

185 459 365 826-2 1,-6752 

190 464 374 835-2 1*6934 

195 469 383 844-2 1-7117 

200 474 392 853-2 1-7299 

205 479 401 862-2 1*7481 

2IO 484 410 871-2 1-7664 

215 489 419 8802 1-7846 

220 494 428 889-2 1-8029 

230 504 446 907-2 1-8394 

240 514 464 925-2 1*8759 

250 524 482 943-2 1-9124 

260 534 500 961-2 1-9489 

270 544 518 979-2 1-9854 

280 554 536 997-2 20219 

290 564 554 1015-2 2-0584 

300 574 672 10332 2-0949 

310 584 590 1051-2 2-1314 

320. 594 608 1069-2 2-1679 

330 604 626 1087-2 2-2044 

340 614 644 1005-2 2*2409 

350 624 662 1123-2 2-2774 

360 634 680 1141-2 23139 

370 644 698 1 159*2 2-3504 

380 654 J16 1177-2 2-3869 
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Centigndap Fahienheit. PV 

T i T f^ P^Vo 

390* 664* 734** 1195-2 24234 

400 ^74 75« 1213-2 24599 

410 684 770 I23I-2 2-4964 

420 694 788 1249*2 2*5329 

430 704 ' 806 1267-2 25693 

440 714 824 1285*2 2-6058 

450 724 S42 1303*2 26423 

460 734 860 1321-2 2*6788 

470 744 878 1339-2 2-7153 

480 754 896 1357*2 2*7518 

490 764 914 1375*2 2-7883 

500 774 932 i393'2 2-8248 

520 794 968 1429*2 2-8978 

540 814 1004 1465*2 2*9708 

560 834 1040 1501*2 3"0438 

580 854 1076 1537*2 3*"68 

600 874 1112 1573*2 3*1898 

620 894 1 148 1609*2 3-2628 

640 914 1 184 1645*2 3*3358 

660 934 1220 1681*2 3*4088 

680 954 1256 1717*2 3*4818 

700 974 ^292 1753*2 3*5547 

720 994 1328 1789*2 3*6277 

740 1014 1364 1825*2 3*7007 

760 1034 1400 1861*2 3*7737 

780 1054 1436 1897*2 3*8467 

800 1074 1472 1933*2 3*9197 

820 1094 1508 1969*2 3*9927 

840 1 114 1544 2005*2 4*0657 

860 1 134 1580 2041*2 4*1387 

880 1154 1616 2077*2 4*2117 

900 1174 1652 2113*2 4*2847 

920 1194 1688 2149*2 4*3577 

940 1214 1724 2185*2 4*4307 

960 1234 1760 2221*2 4*503^ 

980 1254 1796 2257*2 4*5766 

1000 1274 1832 2293*2 4*6496 
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i V. — To find the total tvork in a heat-engine done by a 
xpenditure of heat; reduce the expenditure of heat to units 
: (see Kule II., page 277), and multiply by the eflSciency. 
ARK. — ^A quantity of heat equivalent to the total work 
'ind disappears; and the remainder of the heat expended 
eA 
VI. — To find the expenditure of heat in a heat-engine 
^ 1 in order to do a given total quantity of work; divide by 
m lency, or multiply by its reciprocal; the product will be the 
m 1 expenditure of heat expressed in equivalent units of work ; 
■ nay be reduced to units of heat by dividing by the proper 
I .ent, as given in Rule II. 

D expansion by heat, see pages 147, 148; also Tables, pages 
• 282. 

B VII. — To find the total heat of evaporation of an unit of 
of water : the temperature of the feed- water and the boiling 
^ jeing given. To the latent heat of evaporation of an unit 
ght at the atmospheric boiling point (966 British Fahrenheit 
u , or 537 French units), add 1 for every degree that the feed- 
w^uer is below the atmospheric boiling point, and 0*3 for every degree 
that the actual boiling point is above the atmospheric boiling point. 
To calculate the same quantity in units of eva/poraJtion at the 
atmospJieric boiling point, divide the result of the preceding calcu- 
lation by 966 for British Measures, or 537 for French Measures. 
(See Table of Factors of Evaporation, page 284.) 

Rule YIIL — To calculate the pressure of steam corresponding 
to a given boiling point, or the boiling point corresponding to a 
given pressure. Let p be the pressure (absolute); t, the boUing 
point, in absolute temperature; A, B, C, constants. Then 

, . B 1 //A - log o B2 \ B 

logp = A- ---;- = y^(^__^ + _j-_. 

Values of constants for steam, with common logarithms, and 
pressures in lbs. on the square indi, — 

A LogB. LogC. 2^. ^-^. 

61007 3'43643 5*59873 0*003441 o'ooooii84 

B=2732; = 396045. 

Rule IX. — Given, the volume of a pound of steam at a given 
pressure; to calculate the volume of a pound of steam at another 
pressure. The difference between the logarithms of the volumes 
is very nearly sixteen seventeenths of the difference between the 
logarithms of the absolute pressures; and the greater volume 
corresponds to the less pressure. 

This rule serves to find volumes of steam corresponding to pressures 
intermediate between those given in the Table^ pages 285 to 288. 
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EuLB IX. A. — {Founded an Fairbaim and Tat^s Rule for the 
Volume of Steamj hut with different constcmis,) — To the absolute 
pressure in lb& on the square inch, add 0*35; divide 389 by 
the sum; to the quotient add 0*41 ; the sum will be the volume of 
one lb. of steam in cubic feet, nearly, for pressures ranging from ^ 
atmosphere to 10 atmospheres. 

For relations between pressures, volumes, and temperatures of 
steam, see Plate at end of volume. 

Rule IX. b. — To find the weight of steam required to fill a given 
volume at a given pressure; divide the given volume by the volume 
of one lb. of steam. 

JEfffect of Salt on Boiling-point, — Each 32d part by weight of salt 
in water raises the boiling-point l°-2 Fahr. = O'^'St Cent. Ordi- 
nary sea-water contains one-32d part of salt. 

2. ActioH of Steam In C7Under.^IlULE X. — ^To calculate the 

indicated power of an actual steam-engine from the capacity of 
cylinder, indicator-diagram, and number of revolutions per minute. 

From the indicator-diagram (as explained in page 242, Bules 
XV. and XVI) determine the mean ^ective pressure; multiply it 
by the effective capacity of cylinder (being the volume swept by the 
piston per stroke), and by the number of revolutions per minute, 
for a single-acting engine, or twice that number for a double-acting 
engine; the product will be the indicated power in foot-pounds per 
minute; which, being divided by 33,000, will give the indicated 
hcrse-power* 

Remabk. — As to the adaptation to each other of the unit of 
intensity of pressure and the unit of volume swept, see page 239, 
Bemark on Rule lY. 

Rule X. a. — Or otherwise: — ^Multiply the meam, effective pressure 
by the area of pisUmy for the had; then multiply the load by the 
distance travelled by the piston per minute, for the indicated 
power in units of work per minute. (In single-acting engines 
forward strokes alone iire to be reckoned in the distance travelled; 
in double-acting engines both forward and return strokes, whose 
amount per minute is then called mean speed of piston.) 

Kemark.— The effective or available power is usually about 0*8 
of the indicated power; that fraction being the effy^ency of the 
mechamsm, 

BuLE XL — In a proposed steam-engine, to estimate the ratio in 
which the initial absolute pressure in the cylinder will be less than 
the absolute pressure in the boiler. Let v denote the mean velocity 

* When indicator-diMrams are taken for scientific pnrposes, the weather- 
barometer ahoiild be observed, in order that aibsohUe pressures may bo de- 
duced from the diagram ; which of itself shows only differences between the 
pressnres of the steam and of the atmosphere. As to conversion of pressures, 
see pages 103, 115. 

V 
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A 

of the piston in f&A per second; — , the ratio in which the area of 

the piston is gi'eater than that of the steam-port of the cylinder; f, 
the abaolute temperature of the steam in Fahrenheit d^p^es; then 
the required ratio is neu/rly^ 

t;8 A' 

180 t a«' 

t? A 

The velocity of the steam in the port, — , should not exceed 

100 feet per second; and then the ratio becomes 1 TqaT 

= 1 — -— nearly for Fahrenheit's scale, or 1 — — for the Centigrade 
t t 

scale. Let t = 720** Fahr. = iOO'' Cent. ; then the ratio = 0-92 

nearly. 

Rule XIL — ^To calculate approximately the ratio (-^) in 

which the mean ahsolvJte pressure in a cylinder will probably be 
less than the initial ahsohUe pressure at a given rate of expansion 
r. (When r exceeds 2, the accumulation of liquid water in the 
cylinder must be prevented by jacketing or by superheating; 
otherwise the economy due to expansion cannot be realized.) 
Method 1. — (Nearly exact for dry saturated steam.) 

Pm_ 17~16r"^ 
>i "" r 

(The quantity r "^ may be computed by taking the reciprocal of 
r (called the effective cut-off), and extracting the square root Jour 
times.) 

For results of Method 1, see Table A, page 292 ; also the right- 
hand diagram of the plate at the end of the volume. 

Method 2. — (Steam moderately moist: — Absolute pressure x 
volume supposed sensibly constant.) 

ym_ l-*-hyp. log, r 
Pi r 

For hyperbolic logarithms, see page 14. For results of Method 2, 
see Table B, page 292. 

Remark. — In ordinary practice, the difference between the 
results of those methods is so small, that the choice between 
them depends mainly on whether a table of squares or a table of 
hyperboHc logarithms is athand. 
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Method 3 •— (See ^g. 107.) Draw a straiglit line C A B, in 

which make A B = 4 A 0. Draw A D perpendicular to CAB; 

and about C describe the circular arc B D cutting A D in D. 

D E 
Then in D A take E, so that ^-^ shall 

represent the effective cvJt-off (and 

DA 

r onsequentlyiY^ the rate of expansion). 

At E draw E F parallel to A B. Then 

EF 

. ^ will be the required ratio of mean 
A iJ 

to initial absolute pressure, nearly. 

The results of Method 3 lie between 
those of Methods 1 and 2. ^»S- ^0^- 

Rule XIII. — Given, the initial absolute pressure, the absolute 
back-pressure, and the rate of expansion; to calculate the mean 
effective presswre; multiply the initial absolute pressure by the 
ratio found as explained in Kule XII. ; the product will be the 
mean absolute pressure; from which subtracting the back-pressure, 
the remainder will be the required mean effective pressure. 

Absolute back-pressure in lbs. on the square inch; 

In non-condensing engines, from 15 to 18. 
In condensing engines, from 3 to 5. 

BuLE XIV. — ^To allow for the effects of dearauce on the expan- 
sion and pressure. Let c be the fraction expressing the ratio borne 

by the clearance to the effective cylinder-capacity; -„ the actual 

euJt<ff, or fraction of the stroke during which the steam is admitted; 

-, the effectvoe cut-off, or reciprocal of the rate of expansion. Then 



1 

r 



1 
til 

14.C' 



and r = r" 



14.C 

l + c/' 



From the real rate of expansion r, as above computed, calculate a 
value of the mean absolute pressure by Bules XII. and XIII. ; let 
it be denoted by pm '» then the corrected mean absolute pressure is 
as follows : — 

Case I. When there is no cushioning; p'm^Pm-c (Pi-pm)', 
p^ being the initial absolute pressure; 

Case II. When steam enough is cushioned to fill the clearance 

at the pressure p^; p\= ?^ 

T 

* first f ublished i& the Engineer for the 13th AprO, 1860. 



292 HEAT AHD THE 8TEAH ENGINE. 

ExFAKSiYE WoBKiKa OF Steail — Tablb A. — Dry SotuTcOed Steam. 
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Explanation of Tables. — r, rate of expansion; -, effective 

cut-off; p^, initial absolute pressure; p-m, mean absolute pressure. 

HuLE XY. — To find the effisdive cylinder-capacity required for a 
proposed steam-engine. To the intended tw^/W work per minvie 
add an allowance (say one-^fimrth on an average) for resistance of 
engine; the sum will be the indicated workpw Trdnute, Divide, if 
the engine is single-acting, by the intended number of revolutionSy 
or if double-acting, by twice the intended number of revolutions 
per minute, for the indicated work per sl/roke; which being divided 
by the intended mean effective pressure^ will give the required 
effective cylinder-capacity. 

As to the units in whicb it will be expressed, see page 239. 

Divide the effective cylinder-capacity by the length of stroke; the 
quotient will be the a/rea qf piston, 

3. Bzpemditiir« of Heat In the Cylinder and Bfllciency of the 

Steam. — KuLE XVL — To calculate the absolute pressure of release 
(p^ (that is, the absolute pressure at the end of the expansion); 
Case L — Dry saturated steam, 

P2 = JPi ^ " ^ ^ 

or otherwise : in the left-hand diagram of the plate find the volume 
corresponding to p^', multiply it by r for the final volume, and 
find the corresponding pressure from the diagram. 

Case II. — Moderately moist steam; divide the initial pressure 

by the rate of expansion (that is, make j?^ = — )• 

!RuLE XVII. — To calculate the intensity of a pressure (jo*), 
equivalent approximately to the rate at which heat is expended in 
the cylinder. Find p^s&m Bules. XIL and XIIL, and p^BAxn 
Rule XVI. ; then 

In condensing engines, pi^ = Pm + ^^ P^l 

« 

In non-condensing engines, />4 = Pm + ^^Pzl 

These results are correct to about one per cent. 

HuLE XVIII. — ^To calculate the efficiency qf the steam. Let p^ 
be the back pressure, and p^ = p^n ^ Pz ^^ mean effective pressure, 
found as in Kule XIII. Then 

Efficiency of steam = :^ = ^7^"" ^\ , — . 

Ph Pm-^ 15 or Up2 

BULE XIX. — To find the eocpendUiMre qfheat in the cylinder in a 
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given time; either multiply the indicated work in that time by the 
reciprocal of the efficiency, — ; or multiply the volume swept by 

the piston in the same time by p^ 

The result is expressed in units of work, which may, if required, 
be converted into ordinary units of heat, or into units of evapora- 
tion, by dividing by the proper co-efficient as given in £.ule IL, 
page 277. For practical purposes units of evaporation are the 
most convenient 

BuLE XfX. A. — For the effect of clearance on the expenditure 
of heat; calculate the expenditure of heat as if there were no 
clearance; then, — 

Case I. — If there is no cushioning, multiply by 1 + c /. 

Case II. — If there is cushioning sufficient to fill the clearance 
with steam at the absolute pressure ^i ; multiply by r -r- /. (See 
Rule XIV.) 

Kemarks. — The result of the preceding calculations includes not 
only the heat required to produce the steam, but the additional 
heat required to prevent it from condensing to any considerable 
extent in the cylinder. 

The following are rules for obtaining exactly, by the aid of the 
Table at pages 285 to 288, some of the results to which approxi- 
mations are given by the preceding rules of this and the previous 
Article : — 

One lb. of steam is supposed to be admitted to the cylinder at 
the temperature T^ ; then expanded, until its temperature falls to 
Tg, being maintained by the aid of jacketing in the state of dry 
saturation; and then discharged against a back pressure equal to 
the final pressure. 

The numbers 1 and 2 denote quantities in the Table correspond- 
ing to the temperatures 1 and 2 respectively. 

BuLE A, — ^Work of one lb. of steam, Ui - Ug. 

KuLE B. — ^Expenditure of heat, in units of work, XJi — TJg + Hj 
— A; the value of h being that corresponding to the temperature 
of the feed- water. Of this heat, Hj — A is expended in producing 
the steam, and the remainder in preventing condensation in the 
cylinder. 

4 Ezpendltiire of Heater.— BCJLE XX. — ^To find the Tijd wdgliJt of 
feed-water required per stroke; divide the total cylinder-capacity 
by the volume of one lb. of steam at the pressure of release {p^, as 
found by means of Bule IX., page 283, or IX. A., page 289 ; or of 
the Table, pages 285 to 288; or of the left-hand diagram in the plate. 

Bulb XX. a. — For a rough approximation to the rvet loeight of 
feed-water per stroke, correct to 10 per cent., and erring on the safe 
side ; multiply together the absolute pressure of release and cylinder- 
capacity so as to get the product in foot-lba, and divide by 
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50,000. For the approximate net volume in cubic fedL 'per stroke, 
divide the same product by 3,000,000. 

Another rough approximation to the net weight of feed- water in 
a given time is to take the expenditure of heat on the steam (Hule 
XIX.) in units of evaporation. 

Bulb XXI. — For the gross feed-vxxter, multiply the net feed- 
water, 

If the supply is pure water, by 2; 

If ordinary fresh water, by 2^ ; 

If sea- water, and the brine is to be discharged at n times 

2 n 

the saltness of sea- water, multiply by =-. 

Values of n, 3 2^ 2. 

-^^ feed-water, 3 3^ 4. 

KuLE XXII. — In a condensing engine, to calculate the ivi 
t^>e^^^i of condensation-water per stroke; from the expenditure of 
lieat, in units of work per stroke, subtract the indicated work per 
stroke; the remainder will be the rejected Iieat, in units of work per 
stroke, which is to be divided by 35,000 for British Measures, or 
10,600 for French Measures, to give the weight in lbs. or kilos. 

For ciMc feet per stroke, divide the rejected heat in foot-lbs. by 
2,200,000. 

Rule XXIII. — For the gross supply of condensation-water, 
multiply the net supply by 2. 

Section II. — Exiles relating to Furnaces and Boilers. 

1. Fuel. — KuLE I. — To estimate the theoretical evaporative power, 
that is, the total heat of comJbustion of fuel, in units of evaporation 
(see page 277), per unit of weight of fuel, from the chemical analysis 
of the fuel Distinguish the constituents into carbon, hydrogen, 
oxygen, and refuse, expressing the quantity of each as a fraction of 
the whole weight analyzed. Let C, H, and be the fractions for 
carbon, hydrogen, and oxygen respectively. Then, 

Theoretical evaporative power =15C -i- 64 (H — rr). 

KuLE II. — Net weight of air chemically necessary for the com- 
plete combustion of an unit of weight of fuel; 



12 4. 36 



(=-s- 



In most furnaces some additional air is required to dilute the pro- 
ducts of combustion, thus increasing the supply of air required in 
the ratio of 1| : 1 or 2 : 1. 
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EXA¥PT.TM OF ThEOBETICAL EtAPOKATITE PoWEBS OF FuEL. 

Carbon, 15 

Hydrogen, 64 

Yarious Hydrocarbons, from 20 to 22^ 

Charcoal and Coke, „ 12 to 14 

Coal, best qualities : — Anthracite, 15 

Bituminous, from 14 to 16 

Oxygenous, about 13^ 

Brown, „ 12 

Peat, absolutely diy, „ 10 

Wood, do., „ 74 



9J 


» 


99 


» 


99 


» 



Bad qualities of coal from a given coal-field, about | of the betit 
qualities. 

Rule III. — ^To estimate roughly the efficiency of a furnace and 
boiler (being the ratio of available to total heat). 

Case I. — Draught produced by a chimney : — Divide the intended 
number of square feet of heating surface per lb. of fuel per hour by 
the same number + 0*5 : eleven-twelfths of the quotient will be the 
probable ^ciency of the furnace, nearly. The following are 
examples: — 



Sqnanfeet 

heaunff surf ftoe 

per lb. fuel 

per hoar. 



Small heating surface,. 0*50 

Ordinaiy heating surfa^ in 
tubular boilers, 



Water-tube and cellular 
boilers, 



I -GO 

I 25 
150 

2 'GO 
300 
6 -GO 



Effidexusy 
Foraiace. 



0*46 

0-55 
o*6i 

065 

0*69 

079 

0-84 



Available beait 
perlb.ooal, 

if total heat ia 
13| imitB of 

Evaporatian. 

6'2I 

7 43 
824 

8-77 

931 

985 
iG-66 

"•34 



The efficiency of a furnace is liable to be diminished by fzom '2 
to *5 of its proper value through unskilful firing. 

Case II. Draught produced by a blast pipe or by a &n; put 0*3 
in the divisor instead of 0*5. . 

KuLE lY. — To estimate the available heat of combustion of fuel; 
multiply the total heat of combustion by the efficiency of the 
furnace. 

Bulb V. — To estimate the probable expenditure of fuel in a 
given time required in a given steam engine. 

Estimate the expenditure of heat by Rule XIX. of the preoed- 
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ing section, page 294, and divide it by the available beat of combus- 
tion of an unit of weight of the fueL 

2. l^liaeMilMM of Fonmce* aad lioll«ni amd their Fitllags. — Area 

cf fire-grcUe; in furnaces with chimney draught, from *1 to *04 
square foot per lb. of fuel burned per hour. 

Area of jwe-grate; in furnaces with draught forced by blast- 
pipe or otherwise, from *04 to *01 square foot per lb. fuel per 
hour. 

Heating surface; see preceding Article^ 

Sectional wrea qf flues or injibes from f to i of area of gi*ate; area 
of chimney, about -h area of grate. 

Capacity of boiler; steam and water space = heating surface x 
from 3 feet to 1^ foot in stationary cylindrical and flue boilers; 
from 1 foot to *5'foot in tubular boilers, stationary or marine; and 
about *1 foot in locomotive boil^s and water-tube boilers. 

Capacity qf/umace, flues, and tubes = area of grate x from 6 to 
8 feet 

Area of air-holes above level of grate = about -h area of 
grate. 

Fit(^ of hotter sta^s, from centre to centre; Ib marine boilers, 
from 12 to 18 inches; in locomotive boilers, 4 or 5 inches; work- 
ing tension, 3,000 lbs. on the square inch. Working tension on 
boUer shells, from 4,500 to 6,000 lbs. on the square inch. As to 
strength of flues, see page 211. 

Area of safety valve. — Bulb. — ^Multiply the greatest weight of 
water to be actually evaporated in lbs. per hour by 006 ; the pro- 
duct will be the required area in square inches. See p. 303. 

Brine refrigerator for marine boilers : sur£su!e of tubes should if 
possible be tz square foot per lb. of brine blown off per hour (from 
i to i of gross feed- water). 

Injector. — Sectional area of narrowest part Kxtlk — Divide the 
gross feed-water to be supplied in cubic feet per hour by 800, and 
by the square root of the pressure of the steam in atmospheres; 
the quotient will be the required area in square inches. For 
circular inches, divide by 630 instead of 800^ 



Section III. — Various Dimensions of Engines. 

1. CondciMsen— Panipa.— (7<02?imon condenser, from ^ to ^ capacity 

of cylinder. 

Injection sluice; find the gross volume of condensation-water per 
minute by Rule XXIII., page 295; divide by 1,620 feet; the 
quotient will be the area in square feet 

Air-pump, single-acting, for common condenser; from 7 to ^ 
capacity of cylinder. Valves and passages of such size that speed 



298 HEAT aud the steam enoike. 

of flaids passing through shall not exceed 12 feet per second. 
Double-acting air-pump may be half the capacity. (See p. 304.) 

Feed-pum^a depend for their capacity on gross supply of feed- 
water (see Rule XXL, page 295); and ccld water pumps on the 
gross supply of condensation- water. (Bule XXIII. , page 295.) 
Brme-pumpa for boilers fed with salt water, from ^ to ^ of capacity 
of feed-pumps. 

Surface condenser, from 2^ to 5 square feet surface per indi- 
cated horse-power; air-ptimp, if single-acting, ^ capacity of 
cylinder. 

\ 2. SicaM-ipaMiigM mmd Talre-pOTts to be of such area that velocity 
of steam shall not exceed 100 feet per second. 

3. AUde-TAlre Gearing. — By the angtdar advance of the eccentric 
is to be understood the angle at which the eccentric radius stands 
in advance of that position which would bring the slide-valve to 
mid-stroke when the crank is at its dead-points. 

Rule I. — Given, the positions of the crank at the instants of 
admission and cut-off; to find the proper angular advance of the 
eccentric, and the proportion of the lap on the induction-side to 
the half-travel of the slide.* 

In fig. 108 let A B and A C be the positions of the crank at 
the beginning and end of the forward stroke ; let the arrow show 
the direction of rotation ; let X x be perpendicular to B C ; let 
A D be the position of the crank at the instant of cut-off, and 
A E its position at the instant of admission. Draw A F, 
bisecting the angle E A D ; A F will represent the position of the 
crank at the instant when the slide is at the forward end of 
its stroke; and FAX will be the angular a^dvance of tlie 
eccentric. 

Lay off the distance A F to represent the half-travel; and on 
A F as a diameter describe the circle A H F G, cutting A D in 

AG AH 

G and A E in H ; then -^-= = ^ will be the required ratio oj 

lap at the induction-side to half-tramd; and A G = A H will 
represent that lap, on the same scale on which A F represents the 
half-travel. 

On the same scale, I K represents the wiMh of opening of the 
valve at the beginning of the stroke^ sometimes called the ^*lead of 
the slide,** Strictly speaking, this is the lead of the induction-edge 
of the slide only; the lead of the centre of the slide being A K; 
that is, its distance from its middle position at the beginning of the 
forward stroke. 

* The method used in this and the following rules is that of Professor Dr. 
Zeuner, of the Swiss Federal Polytechnic School at Zttrich, pubhshed in his 
treatise on Slide-valve Grearing, entitled, £He Schkbersteaerungen, 
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Rule II.— Given, the data and results of the preceding rule, and 
the position, A M, of the crank at the instant of release; to find 
the ratio of lap on the eduction-side to half-travel, and the position 




of the crank when cushioning begins. Produce F A to L, making 

AL = AF; onAL as a diameter draw a circle cutting A M in 

AN. 
N : then . — _- will be the required ratio of lap at eduction-side to 

hodf-l/ravd. 

About A draw the circular arc N P, cutting the circle A L 
again in P; join A P; then A P will be the required position of 
the crank at the instant when cushioning begins. 

Rule III. — Given, the data and results of Rule L, and the 
position, A Q, of the crank at the instant of cushioning; to find 
the ratio of lap at the eduction-side to half-travel, and the position 
of the crank at the instant of release — produce P A as before; 
onAL = FAasa diameter draw a circle cutting A Q in P: 
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A P 

-r-T=.- will be the required raiio qf lap (U the edudumrside to half- 
A. Lt 

travel 

About A draw the circular arc P N, cutting the circle A L 
again in N; join A N: A N will be the position of the crank at 
the instant of release. 

Rule IY. — ^Givea, the angular advance of the eccentric, the 
half- travel of the slide, and the lap at both sides; to find the 
positions of the crank at the instants of admission, cut-off, release, 
and cushioning. Draw the straight lines BAG and X A re per- 
pendicular to each other; and take B and C to represent the dead 
points. Let the arrow denote the directien of rotation. Draw 
P A L, making the angle P A X = the angular advance of the 
eccentric; and make A P = A L = half-traTel. Od A P and 
A L as diameters, draw circles. Aboot A, with a radius equal to 
the lap at the induction-side, draw an arc cutting the circle on 
A P in H and G; also, with a radius equal to the lap at the 
eduction-side, draw an arc cutting the circle on A L in. N and P. 
Draw the straight lines^ AHE, AGD, ANM, APQ, These 
will represent respectively the positions of the ci'ank at the instants 
of admisdon, cut-off, rdease, and cushianmff, 

BuLE Y. — Por an eccentrie to* drive a eeparcUe eoepanaion gridiron 
elide-^fcUve, make the angular advance 90^; also make width of 
openings -&- half-travel of valve = sine of angle made hj position> 
of crank when steam is cut-off with position at dead point. 

4. iiiak-iii«tt«H.— In fig. 109 let A be the axis of the shaft; A B, 
the forward eccentric radius; A C^ the backward eccentric radius; 




Fig. 109^ 

B D, the forward, md C E, the backward eccentric rods; D E, the 
link; F, the slider or stud. Eadius of curvature of link = length 
of rods, or nearly so.. 

BuLE YL — To find the motion of the slide valve produced by 
anyintermediate position of the stud^^ BQch as P. 

With a radius bearing the same proportion to half the distance 
B 0, that the length of the rods B D bears to that of the link D E, 
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draw the arc B C* If the eccentric rods are so placed (as in the 
figure) that when the eccentrics are inclined towards the link, the 
rods are crossed, make the arc B C convex towards the axis A. If 
the eccentric rods are so placed as not to be crossed when the 
eccentrics are inclined towards the link, make the arc B C concave 
towards A. In that arc take a point, K, dividing it in the same 
proportion in which the stud F divides the link D R Then the 
motion of the stud, F, will be veiy nearly the same as if it were 
directly connected by a rod K F with a crank A K. Consequently, 
from the half-trcvod, A K, and the angular advance, of that sup- 
posed crank, the motions of the slide-valve and their ef^ts may be 
deduced by Rule IV. of the preceding Article.^ 

5. Nominal oi«ne-P«wer. — I. Orainary Bible for Condensing 
Engmee, — Multiply the cube root of the stroke in feet by the 
square of the diameter of the cylinder in inches, and divide by 
60. 

IL AdmiraUi/ Enle/or Scmw^PropeUer Engines only. — Multiply 
the mean velocity of the piston in feet per minute by the square of 
its diameter in inches, and divide by 6,000. 

III. Eule/or Non-Gondendng Engines. — Multiply the cube root 
of the stroke in feet by the square of the diameter of the cylinder 
in inches, and divide by 20. 

The indicated power of steam engines ranges from once to six 
times the nominal power. 

^This constraetioii is due to Mr. MTarlane Gr*y (see his Qeomebm 
qfthe 8Ude Valve.) "^ * 
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•r ••UJfl*— The following are the nudtiing poinU of a few 
of the more important subBtanoes. Those marked f have beea 
measured hj the pyrometer : — 

lUir. 

Merciuy, — 38® 

Ice, + 33 



3IO 



lUir. 

o 



Bismuth, 493 

Lead, 630 

Zinc, 700 t 

Silver, 1,280 ? 

Brass, 1,869 ? 

Copper, 2,548 f 

Gold, ^9590 ? 

Cast-iron, 3»479 ^ 

Wronght-iron, higher, 
but uncertain. 



AUoy— Tin 3, lead 5, ) 

bismuth 8, about^.... J 

Sulphur, 228 

AII07— Tin4,bismuth5, ) , 

leadl, ; ^40 

AII07— Tin 1, bismuth 1, 286 

Alloy— Tin 3, lead 2, 334 

Alloy — ^Tin 2, bismuth 1, 334 

Tin, 426 

LeUent heat of fiision of ice^ about 140 British units; of tin, 
500. 

Fl«w •€ CtaMcs.— Let the pressure, bulkiness, and absolute tem- 
perature of a gas within a vessel be />«, v^, r^, and without the 
vessel, P2, v^f ^2', and let p^ Vq be the value oi pv for the absolute 
temperature r^ of melting ice. (See page 278.) Let y be the 
ratio in which the specific heat of the gas is greater at constant 
pressure than at constant volume; 

Let O be the area of an orifice through which the gas escapes 
from the vessel; 

kj a co-^fiderU of coTdractiony or of effltiXy so that the effective area 
of the orifice is A; ; 

u, the maximum velocity which the particles of the gas acquire 
in escaping, when there is no friction; 

W, the weight of the gas which escapes in a second; then. 



-vc-^i-^o- 







)}' 



W = 



kOu 



'2 



Po ^0 ''I Vi/ 



Yalues of y, air, 1*408; steam-gas, about 1*3. 
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Values of the co-efficient of efflux k for air, with effective pres- 
sures of from '23 to I'l atmosphere (Weisbach) : — 

Conoidal mouthpieces, of the form of the con- h 

tracted vein, 0*97 to 0*99 

Circular orifices in thin plates, 0-563 to 0*788 

Onlflow Af Steam — Boagh Approximatiom. — ^Let p^ be the internal 

and /?2 *^® exterual absolute pressure; g, weight of outflow per 
unit area per second ; then when p^-ov .^^^p^,q=p^-T- 70 nearly ; 
and when p^ Z^^Pv ^ = {Pz -^ ^2) • J {(p^^ - P^ -^ iPi), 
nearly. Contraction for safety valve openings about 0*6. 

Addendum to Part III., page 132. 

liereiiiiig by the Barometer.— To correct the difference of level 
given by the formula, for variations in the force of gravity, divide 
by the co-efflcient of g^ in the note to page 245. 



Addendum to Part YIL 

Friction of i<cather Collars.— The friction of the leather collar of 
a hydraulic press plunger is equal to the pressure upon a ring equal 
in circumference to the plunger, and of a breadth which, according 
to Mr. William More's experiments, is about -A of the depth of 
bearing surface of the collar; and according to the experiments of 
Mr. Hick and Mr. Luthy, from -01 inch to '015 inch, according to 
the state of lubrication of the collar. 



Addendum to Part VIII., page 274. 

Additional Bealrtance of Ship* due to short afker^bodj. — Let V be 

the speed in knots; Z, the proper least length of after-body, in feet 
= ^v^; r, the actual length of after-body; S, the area of midship 
section, in square feet; sin ^ y, the mean of the squares of the sines 
of the angles of obliquity of the stream-lines of the after-body; then, 
additional resistance in lbs. — 

= 5-66 i;8 gin 2 y • S a / (l - -^j, nearly. 
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proportioDS of ezplosiye mixtare; 
air, 8 volumes; common coal-gas, 1 Tolnme. Absolute pressure 
immediately after explosion, p^ *s 5 atmospheres = 10,580 lb& 
on the square inch, nearly. Let r = ratio of expansion; jVg = ab- 
solute pressure at end of expansion; p^ = absolute back pressure; 
W = indicated work per cubic foot of explosiTe mixture. Then 

5 7 

W nearly = ^ <^i " ^o) - J^** " "^^^^ + (*• - 1)(P2 " Po); 

W 

the mean effective pressure lap^ = — . 

T 

Approximate formula for final pressure where r is not greater 
than 7 nor less than 2; p^ nearly = 0*54 f- + ^^ ) - 0*025. 

Addevduic to Past VL 

DcilecttoH •f MiprlagB^ — Straight mrinq* an to be treated as beams. (See 
page 221.) For spiral tpringt^ xdmo of cylmdrical rod or wire, the following are 
the rules: — 

Let r be the mean radios of the spiral sptring, measnred from the axis to the centre 
of the wire ; n^ the number of cofls of which it consists; d^ the diameter of the wire; C, 
the co-efficient of rigiditr of the material; ,f, the greatest safe shearing stress n^n it; 
W, any load not exceediog the greatest safe load; v, the corresponding extendon or 
compression; W^, the greatest si^ ttBod^ load; Vn the greatest safe eztensl<m or 
compression; then 

W Cd* 0-196 /d» 12- 566 nfr* 

V"64nr»' ^*"" r ' '^ * Crf ' 

The greatest safe wddm load is -^ 

, Win 2-463 i»/«r<f« 
The iZ^nKenoe of the spring is given by the formula, — ^ — = j^ . 

The values of the oo-effident, 0, of transverse ebsticity of sted and charcoal iron 
wire in lbs. on the square inch, range between 10,600,000 and 12,000,000. 

By the greatest safe stress must here be understood the greatest stress which is 
certain not to impaur the elasticity (tf the spring by frequent repetition; say 80,000 lbs. 
on tile square inoo. 

Addendum to Pabt IX., page 298. 

Beaiatiinc« ^f A-lr-pmnp mi 0l«ani-EiigtaM equivalent to th6 fellov- 

ing additional back-pressure, in lbs. on the square inch of steam 
piston; good air-pumps, 0*5 to 0*75; bad, 1*0. 
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B temperatnTO (see Tempera- 

•force, 104. 
its, stability o^ 184. 
bion, 245. 
nerjr^, 246. 
a ofioconiotiYes, 243. 
ansion and elasticity o^ 280. 
fDAoes ; supply of, 295. 
i, 302. 

ap of steam engine, 297, 304. 
inm bronze, stren^ o^ 205. 
, measures o^ 90. 
etion of, to the centre, 130. 
tt by sextant, reduction o^ to 
m level, 130. 
of repose, 180, 182. 
et out a right, 127. 
lar momentum, 247. 
xaty, measures oi^ 102. 
jdncts (see Water). 
. linear, or equilibrated rib (see 
fcb). 

masonry or brickwork stability 
of, 188. 
rength of, 224. 
a, measures of, 95. 
las, mensuration o^ 63, 129, 143. 
ies, work ot, 251. 
(nospheric pressure, 115, 132. 
Is of rotation, 229. 
Je, strength o^ 226, 249. 
flonuth, 119. 

iCK pressure (see Steam). 

Ackwater from a weir, 265. 
ttnds in mechanism, 235. 

friction of, 241. 
iarometer, levelling by, 132, 303;i 
3ars, weight o^ 153. 
dase of survey, to measure, 123. 
Beams, action of load on, 212. 

allowance for weight o^ 220. 

continuous over piers, 224. 

cross-sections of equal strength for, 
219. 



Beams, deflection o( 221. 

effect of twisting on, 226. 

limiting length of, 1^1. 

of uniform ^rength, 219, 229. 

proportion of depth to span o^ 224 

resilience of, 224 
' shearing action on, 216. 

sti&ess of, 221. 

strength o^ 212. 

sudden load on, 216. 

to deduce stress from deflection 
(^,224. 

travelling load on, 216b 
Bed of stream, stability o^ 268. 
Belts (see Bands). 
Bending, resistance to (see Beam). 
Bevel-wheels, 231. 
Blasting, labour of, 253. 
Blocks and tackle, 238. 
Blowing ofl^ 297. 
Boiler, dimensions and fittings ofl 297. 

efficiency of, 296. 

strength oi^ 207, 211, 297. 
Boiling point, levelling by, 133. 

effect of salthess on, 289. 
Boiling points (see Steam). 
Bolts, strength of, 208. 
Boring, labour o^ 253. 
Bracing of frwnes, 168. 
Brake, 241. 

Brass, strength o^ 195, 197. 
Breaking across, resistance to (see 

Beami). 
Brickmakin^, labour of^ 253. 
Brickwork, labour o^ 254. 

stability of, 179. 
Bridges, framed, 169. 

giraer (see Beams). 

iron or timber, arched, 225. 

stone and brick (see Arch). 

suspension, 227. 
Brine, blowing off, 297. 

boiling points o^ 289. 
Bronze, strength o^ 195, 197. 
Building, labour o^ 253, 254. 
Bulkiness, 147. 
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Buoyancy, 146, 157. 
ButfcresBefl, 184. 

Cables, strength o^ 204, 227. 

CanvaA, strength o( 205. 

Capacity for heat (see Specifi"- heat). 

measures of, 99. 
Carbon (see Fuel). 
Cascade, 267 

Catenarian curves, tables of co- 
ordinates o^ 175. 

ribs, 174. 
Catenary, 80, 174. 
Cement, strength of^ 20*3. 
Centres for ar^es, 190, 255. 
Centre of buoyancy, 157. 

of gravity, 153. 

of magnitude, 81. 

of osculation or percussion, 155. 

of pressure, 156. 
Centrifugal force, 246. 
Chains, equilibrium of, 170. 

strength of, 227. 
Chairs, railway, weight of, 244. 
Channel, flow in, 264. 

stability of bed o^ 268. 
Charcoal (see Fuel). 
Chimney, 297. 

Circular lengths and areas^ 39, 42, 
68,77. 

arcs, 61, 77. 
Clearance, 291, 294. 
Coal (see Fuel). 
Coke (see Fuel). 
Collapsing, resistance to, 211. 
Columns, strength of, 210. 
Combustion (see Fuel). 
Compression, resistance to, 209* 
Concrete, strength of, 203. 
Condensation-water, 295. 
Condenser, common, 297. 

surface, 298. 
Conduits (see Water). 
Cone, to measure, 71, 73, 74. 
Connecting-rod, strength of, 209, 250. 
Contraction of stream, 259. 
Copper, strength oi^ 195, 197. 
Couples, statical, 161. 
Crank, motion of, 236. 
Cross -breaking, resistance to (see 

Beam). 
Crushing, resistance to, tables, 197, 

201, 203, 205 ; rules, 209. 
Cubes of numbers, 1, 11. 
Current (see Water). 
Curvature of the earth, 117. 



Curvature of the earth, oonection for, 

131. 
Curves, measurement of the length 
0^74. 

on railways, cant oi^ 139, 142. 

setting out, 133, 139. 
Cut-off ^ee Steam, action of). 
Cuttings (see Earthwork). 
Cylinder, capacity of^ for steam, 293. 

strength o^ 207, 211. 

Day, mean solar, 90. 

sidereal, 90. 
Deflection of beams, 221. 
Density, 147. 
Deviating force, 246. 
Diagram of work, 242. 
Dip of horizon, 122. 
Discharge, co-efficients o^ 259. 
Drainage area (see Rain-faU). 

Earth, curvature of the, ll7, 131. 

dimensions of the, 117. 

heaviness of^ 152. 

naturaT slope of^ 180. 

pressure o^ 179, 180, IBS. 
Earthwork, breadths o^ 142. 

labour o^ 253. 

mensuration of^ 143. 

setting-out, 142. 
Eccentric (see Slide valve gearing). 
Efficiency, conditions of greatest, in 
heat engines, 277. 

of a fall of water, 269. 

of furnace. and boiler, 296. 

of machines, 239. 

of propellers, 275. 

of steam, 293. 

of turbines, 269. 

of vertical water-wheels, 269. 
Effort, 240. 
Elasticitv of gases, 278, 280. 

of sdias, 195. 
Elliptic areas, 69. 

arcs, to measure, 78. 
Embankments (see Earthwork). 
Energy, 239. 

actual, 246. 

actual, of a rotating body, 247. 

of heat, 277. 

I>otential, 239. 
Epicycloidal teeth (see Teeth). 
Equilibrated arch (see Arch). 
Equivalent, dynamical, of heat, 277. 
Evaporation, factors o^ 284. 

latent heat o^ 28a 
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Evaporation, total heat o( 283. 

unit of, 105, 277. 
Excavation (see Earthwork). 
Expansion by heat; 147, 280. 

by the slide valve, 298. 

valve, 300. 
Expansive action of steam, 290, 292. 

Factors of safety, 205. 

Falline body, 248. 

Fall of water, energy o^ 269. 

Feed-pnmp, 298. 

Feed-water, 294. 

Fifth powers and squares, 32. 

Floats of water-wheel, 272, 273. 

Flow of water (see Water). 

of gas, 302. 
Flues, dimensions o^ 297. 

strength of, 211. 
Fly-wheels, 247. 
Foot-pound, 103. 
Force, absolute unit of, 104, 

centrifugal, 246. 

component, 159. 

distributed, 146, 15& 

driving, 240. 

result^t, 158, 159. 

work of varying, 242. 
Forces, composition and resolution 
o^ 158, 159. 

parallel, 162. 
Foundations, iron tubular, 254. 

on piles, 182. 

ordmary, 181. 
Frames, bracing o( 168. 

equilibrium and stability of, 165, 
169. 
Friction, moment of, 241. 

of earth, 180. 

of machines, 240, 30a 

strap, 241. 
Frictional stability of masonry, 186. 
Fuel, available heat of combustion 
0^296. 

expenditure o^ 296. 

Buppl V of air to, 295. 

total heat of combustion of, 295. 
Furnace and boiler, dimensions and 
fittings of; 297, 

efficiency o^ 29C. 
Fusion, 302. 

Gaps in station-lines, to measure, 

128. 
Gases, elasticity of; 148, 280. 
Gas-engine, explosive, 304. 



Gases, flow of, 302. 

heaviness of; 149. 

properties o^ 278. 
Gathering-ground (see EAin-i&dl), 
Gearing, 298. 

Geodesy, engineering, 117. 
Girder (see Seams)^ 

continuous, 224 

stiffening, for suspension bridges, 
226. 
(Governor (see Pendulum, revolving), 

246. 
Gradients, ruling, 244. 
Granite, strength of; 197, 203. 
Gravity, accelerating effect of, 245. 

centre of, 153. 

motion under, 248. 

specific, 146. 

specific, table of, 149. 
Gyration, radius of, 154. 

Head due to velocity, 249. 

of water, 256. 
Headings, labour of driving, 253. 
Heat, dynamical equivalent of, 277. 

engines, efficiency of; 277. 

expansion by, 147, 148, 278, 280. 

exgnaitun, o, in a. engine. 283. 

intensity o( or temx)eratur6, 105, 
106, 277, 280. 

latent, 105, 283. 

of combustion, 295. 

quantities o^ 105. 

specific, 277, 278, 279. 

unit of, 105. 
Heating sur&<;e, 296. 
Heaviness, 102, 147. 

tables of, 149. 
Height due to velocity, 248. 

t^le of; 249. 
Hoop, stress of, 176. 
Horse-power, 104. 

indiicJated, of steam engine, 289. 

nominal, 301. 
Horses, work of, 251. 
Hydraulic press, strength o^ 208. 

ram, 273. 
Hydraulics, 256. 
Hydrocarbons (see Fuel). 
Hydrogen (see Fuel). 
Hyperbolic areas, 70. 

logarithms, 35, 38. 

Ice, melting of, 302. 
Impulse, 2&. 
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Indicated power, 289. 
Indicator, steam engine, 242. 
Inertia, moment o^ 154. 

reduced, 249. 
Injection water (see Condensation). 

valve or slnice, 297. 
Injector, 297. 

Intensity of ptressnie, 103, 115. 
Iron arcned libs (see Eibs). 

beams (see Beams). 

bridges (see Bridges). 

cast, strength of, 195^ 197, 199, 
201. 

chains (see Chains). 

fastenings, 208. 

malleabfe and steely, strength of, 
191, 200, 201. 

pipes, strength o^ 207, 268. 

resilience o^^ 194. 

struts and pillars, 209. 

Jet-propeller, 276. 
Journals, strengtib. oi^ 226, 249. 
Jumping holes in rook, labour oj^ 
253. 

Keys, strength o^ 208. 
Kilogramme, 97. 
Kilogramm^tre, 104. 
Knot, or nautical mile, per hour, 
102. 

Labour, 253. 
Land measures, 95. 

mensuration o^ 129. 
Latent heat of evaporation, 283. 

heat of fusion, 302. 
Latitude of a place, to find, 122. 

len^h of a minute o^ 117, 118. 
LengSi, measures of, 92. 
Level, for angles, 130. 

reduction to the, for distances, 
127. 
Levelling, 131. 

by the barometer, 132, 303. 

bv the boiling point of water, 133. 
Link motion, 300. 
Linkwork in mechanism, 236. 
Locomotive engine, adhesion o^ 243. 

tractive force of, 244. 

weiffht o^ 244. 

woA of, 245. 
Logarithms, common, 1, 11. 

hyperboUc, 35, 38. 
Longitude, length of a minute oL 117, 

118. 



Machines, 228. 

balancing o^ 241. 

driving force o^ 240. 

friction of^ 240. 
. reduced iuertia of^ 249. 

varied motion of, 245. 

work of (see Work). 
Magnitude, centre o^ 81. 
Man, work of, 252 (see Labour). 
Masonry, labour of, 253, 254. 

stabiUty o^ 179. 
Mass, centre of (see Centre of 

gravity). 
Measures, British and French, com- 
parative table o( 110, VI. 

multipliers for conversion o^ 107, 
112. 

of absolute force, 104. 

of angles, 90. 

of area, 95. 

of capacity, 99. 

of heat, 105. 

of heaviness, 102. 

of intensity of pressure, 103^ 

of lengiih, 92, 95, 96, 99. 

of statical moment, 104i 

of stress, lOa 

of temperature, 105. 

of time, 90. 

of value^ 100. 

of velocity, 102. 

of volume, 96. 

of weight, 97. 

of work, lOa 

solid, 96. 

superficial, 95. 
Mechanism, 231. 
Melting points, 302. 
Men, work of, 252. 
Meridian, to find the, 119. 

length of arcs o^ 117, 118. 
Metre, 92. 
Mile, 92, 93, 94. 

nautical, 93. 
Mines, labour of driving, 25a 
Moment, measures o^ 104. 

of inertia, 154. 

of sail, 275. 

of stability, 185. 

of weight, 15a 
Momentum, 245. 
Moneys, 300. 
Mortar, strength oi^ 20a 
Motions, comparison o^ 228. 
Mules, work o^ 251. 
Muscular strmgth, work o^ 250L 
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Nautical mile, 9?. 

Nominal horse-power of ^Qgines, 301. 

Notches, flow of water through, 261. 

Orifice, flow thronch (see Water). 
Oscillation, centre of (see Centre). 
Overshot water-wheels, 269, 270. 
Oxen, work of, 251. 

Paddles, 275. 
Parabola, area of, 63. 

length o^ 79. 
Parallel forces, 162. 

motion, 236. 
Peat (see Fuel). 
Pendulum, revolving, 246.. 
Percussion, centre of, 155. 
Periodical motion, 238. 
Piles for foundations, 182.. 

screw, 183« 
Pillars, strength oS, 209. 
Pins, stren^h of, 208. 
Pipes, friction in, 258. 

flow in, 263. 

strength o^ 207, 268. 
Piston, 238. 

rod, strength o^ 210, 25a 
PlaDimeter or platometer, 80. 
Plank roads, labour of making, 255. 
Plans, scales for, 125. 
Plates, buckled, strength o^ 227. 

weight of, 153. 
Platometer, $0. 
Polygons, regular, 88. 
Ports, steam, 289, 298. 
Posts, strength of, 209. 
Potential energy, 239. 
Pound, standard, avoirdupois, 97. 

sterling, 100. 
Power, measurement of, 104^ 239. 

muscular, 250. 

ofafftllofwater, 269. 

of steam engines (see Steam). 

of windmills, 270. 
Press, hydraulic, strength of, 207. 
Pressur^ centre o^ 156, 

intensity of, 103, 115. 

of earth, 179, 180, 18a 

of steam (see Steam). 

of the atmosphere, 115, 132. 

of water, 103, 179 (see Head). 
Prime factors, 33. 
Projections, parallel, 87. 
Propellers, 275. 

Propulsion of vessels, 274^ 303. 
Pull (see Tension). 



Pulleys and belts,. 235, 238, 241. 
Pumps for steam engines, 297. 

QuAmiYiNa, labour o^ 253. 

Rails for railways, 244. 
Railways, breadthao^ 141. 

curves on, 133. 

power exerted by locomotives on, 
245. 

resistance of vehicles on, 243. 

ruling gradients of, 244. 
Rain-faB, 267. 
Ram, hydraulic, 273. 
Ranging (see Setting-out), 133» 
Re-action of moving body, 246. 

water-wheel, 273. 
Reciprocals of numbers, 1, 11,. 31. 
Reduced inertia, 249. 
Reduction of resistances in machines 

to the driving point, 240. 
, Refraction, astronomical, 122. 

correction of levels for, 131. 
Repose, angle of, 180, 182. 
Reservoir, time of emptjring, 267. 
Resilience of beam, 224. 

of iron and steel, 194. 

of silk, 204. 
Resistance of carriages on roads, 242. 

of earth, 181, 183. 

of machines (see Friction^. 

of materials (see Strength). 

of railway trains and engines, 243. 

of ships, 274, 303. 

of water in pipes and channels, 
257, 258. 
Resolution of forces, 158, 159. 
Resultant of couples, 161. 

of distributed force, 158. 
• of inclined forces, 158, 160k 

of parallel forces, 162. 

of stress, 158. 

of weight, 158. 
Retaining walls, stability of, 184. 
Retardation, 245. 

Revdtements (see Retaining walls). 
Rhumbs, table o^ 89. 
Ribs, arched, equilibrium of, 174, 176. 

strength of, 225. 
Right angle, to set-out, 127. 
River-bed, stability o^ 268 (see 

Water-channels). 
Rivets, strength o^ 208. 
Rivetted joints, strength o^ 207* 
Rivettinff, labour of^ 255. 
EoadB, {uank, labour of making, 255. 
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Boadfl, reristance of vehiclet on, 242. 
Bods, weight o( 163. 
Bock-blasnng; labour o£, 263L 

boriiu;, 253. 

fonncUttioxiB, 181. 

heaTiness o^ 152^ 

quarrying, 253. 

tunuelliiig in, 253. 

(See also Stone.) 
Hopes, Htrj^ogth o^ 204 
Botation, 229. 

actual energy o^ 247. 

angular velocity o^ 102. 

axis o^ 229. 
Bupture, modulus o^ 198, 201, 202. 

Safety, fiictors o( 205. 

valve, 297, VI. 
Sails of ships, 275. 
Sandstone, strength o£ 197, 198, 

203. 
Scales for plans, 125. 

for sections, 126. 
Screws in mechanism, 235. 
Screw jiiles, 183. 

propeller, 275. 
Sections, method o( applied to frame- 
work, 169. 

scales for, 126. 
Setting-out curves, 133. 

slopes and breadths, 142. 

works, 133. 
Sextant angles, to reduce to the 

level, 130. 
Shafts, streugth of, 226, 249. 
Shearing, resistance to, 197, 201, 

208. 
Ships (see Vessels). 
Simpson's Kules, 64. 
Sines, 61. 

Slate, strength o( 195. 
Slide valve gearing, 298. 
Sluices, discharge from, 263. 
Solid, centre of magnitude o^ 84. 

measures, 96. 
Solids, mensuration o^ 72. 
Soundings, reduction of, 133. 
Specific gravity, 146. 

tables of, 149, 278, 279. 

heat, 277, 278, 279. 
Speed-cones, 235. 
Speed, measures o^ 102. 
Spheres, strength of, 207. 

volume of, 73. 

weight of, 153. 
Spherical areas, 71. 



Spherical triangles, 55,* 58, 72. 
Springs, deflection o^ 304 
Squares of numbers, 1, IL 
Stiftbiliiy of masonry, 179. 

of vessels, 275. 
Stars, declinations o( 121. 
Station-lines of surveys, 119, 128. 
Steam, action oi^ on piston, 289, 290, 
292. 

back pressure o^ 291. 

density of; 283, 285, 28a 

efficiency of; 293. 

expenditure of fiiel on, 296. 
of heat on, 293. 
of water on, 294. 

engines, dimensions o^ 293, 297. 

latent heat of, 283, 284. 

mean pressure o^ 290, 292. 

outflow o^ 303. 

passages, resistance of, 289. 

pressure of saturation o^ 283, 285. 

room (see Boiler). 

tables relating to action of, 285, 
292. 

total heat o( 283, 284. 

valve, 298. 

volume of, 283, 285, 28a 
Steel, resilience o( 194. 

strength of, 191, 200. 
Stiffiiess of beams, 221. 
Stones, heaviness of; 152. 

strength o^ 195, 197, 198, 203. 
Stream (see Water). 
Strength of axles, 226. 

of beams, 212. 

of boilers and cylinders, 207, 211. 

of bolts, pins, keys, and rivets, 
208. 

of machinery, 249. 

of pillars and struts, 209. 

of pipes, 207, 208. 

of ropes and cables, 204. 

of shafts, 226, 249. 

of spheres, 207. 

of suspension bridges, 173, 225, 
226. 

of teeth, 233. 

of tie-bars, 206. 

of tubes and flues, 207, 211. 

of wheels, 250. 

rules for, 205. 

tables of, 191. 
Stress, measures of; 103. 
Stretching, resistance to, 195, 206. 
Struts, strength o^ 209. 
Sur£EK»-conden8er (see CondeDoer). 
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Sarface, heatiiig (see Heating stir- 

£M;e). 
Survey, base for (see Base). 

scales for, 125. 
Surveying, 127. 
Suspension bridge, 173, 225. 

stiffening girder for, 226. 

Tackle, 238. 
Tan^ente, 61. 
Tearing, resistance to, 191, 195, 

206. 
Teeth of wheels, dimensions and 

figure of; 233. 
strength of, 233, 250. 
Temperature, 105, 106, 277, 280. 
Tenacity (see Tearing,, resistance 

to). 
Tie-line in surveying, 127. 
Ties, strength of; 206. 
Timber, labour of working, 254. 

strength of; 196, 198, 202. 
Time, measure of, 90. 
Thermodynamics, 277. 
Thermometers (see Temperature). 
Towers, stability of, 184. 
Towns, demand of water for, 268. 
Trains, railway, resistance of, 243. 
Transport of loads by muscular power, 

251, 252. 
Transverse strength (see Rupture and 

Beams). 
Triangles, approximate solution of 

spherical, 58. 
solution of plane, 53. 
solution of spherical, 55. 
Trigonometrical rules, 52. 
Trigonometry, use o^ in surveying, 

129. 
Trochoid, 70. 
Truss (see Frame). 
Tubes, strengtii o^ 207, 211. 
Turbines, efficiency of; 269. 

dimensions and figure o( 272. 
Tunnels, arching o^ 188. 

labour of excavation in, 253. 
Turning (see Rotation). 
Twisting, resistance to (see Axles). 

Uin>ERSHOT water-wheels, 269, 271. 
272. 

Value, measures o( 100. 
Valve, 48afety, 297. 

sUde, 298. 
Vaults, stability of (see Arch). 



Velocities, virtual, principle o^ 240. 
Velocibr, measures of, 102. 

angular, measures of, 102. 
Vessels, propulsion of; 274. 

resistance of, 274, 303. 

sails of, 275. 

stability o( 275. 
Virtual velocities, 240. 
Vis-viva (see Energy, actual). 
Volumes, measurement o^ 72. 
Viaducts (see Bridges). 

Walls, stability of, 184. 
Water-channels, discharge o^ 264. 

resistance of, 257. 

stabUity of, 268. 
Water, contraction of streams o( 
259. 

demand for, in towns, 268. 

discharge of; from orifices, notches^ 
and unices, 263. 

expansion of, by heat, 147. 

flow of, 256. 

eauging, 260. 

head of, 256, 257. 

measurement of flow of, 260. 

power, 269. 

pressure engines, 269. 

pressure o^ 179. 

ram, 273. 

suppljr of; by rain-fall, 267* 
Water-pipes, discharge through, 263. 

resistance in, 258. 

strength o^ 268. 
Water-wheels, dimensions and figure 
o^ 270. 

efficiency of; 269. 

horizontal (see Turbines). 

vertical, 269, 270. 

re-action, 273. 
Water-wheel in an open 3urrent, 

272. 
Wave-lines, area o^ 70. 
Weight, measures o^ 97. 

tables of; 149. 
Weirs, 261, 265. 

cascade from, 267. 

swell and backwater from, 265. 
Wheels, 231. 

bevel, 231. 

paddle, 275. 

skew-bevel, 232. 

strength of; 250. 

teeth of, 233. 
Wind, action oj^ on towers and chim- 
neys, 184. 
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Wind, pramm ot, 27S. 
Windnullfl, 273. 
Wood (see Fud: alao Timber). 
Work, against varying gesigfance, 
242. 

calcnlation of, 238. 

during retardation, 245L 



Work, measnres ot, 102. 
of acceleration, 245. 
represents by an area, 242L 
nsefiil and waistefiii, 239. 

Works, setting out, 133. , 

Yabd, standard, 92. 
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